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PART ONi . 
'.rhe Disease 
and 
The Paras1 te 
• 
• 
It has been for me a great honor to have had the freedom 
of electing the theme of my thesis, previous to receiving the 
title of Master Bacteriologist. To Dr. David L· Belding, my 
ex-senior Professor of Bacteriology in the University, where 
I studied from 1948 to 1949, go my sincere appreciation and 
thanks for granting me this privilege. 
"Onchocercosis Guatemalense (Robles' Disease)" was the 
subject chosen; and the scheme having been approved in the 
first and second readings, I shall treat in a brief form of 
the principal data concerning this endemic disease of my 
country. 
Although I consider that my studies do not constitute a 
terminated thesis, I believe that it has value aside from that 
contributed by medical students, in helping to make known the 
endeavors and dedication of distinguished professionals who 
have put so much enthusiasm into the study of Onchocercosis 
Guatemalense. It is also to be hoped that, in a not-too-
distant day, it may be possible to eliminate it, thereby con-
tributing to the health of the people who work in the zones of 
infection. 
The method followed in this work is close to the descrip-
tive system in Parasitology, but the principal background is 
that used in the teachings of Dr· Belding, introducing in cer-
tain eases systems used by distinguished Guatemalan doctors 
and other prominent professionals. 
l 
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• 
.After having read the greater part of the published works 
on Onchocercosis Guatemalense, I propose to present to the De-
partment of Biochemistry and Bacteriology some reports, which 
I shall try to edit in a convenient form, thus performing my 
duties to the University. 
To facilitate the exposition of this thesis, which I shall 
try to do from the point of view of a Parasitologist, I have 
proposed to divide it intd three parts and an appendix. 
In the first part, I refer to the disease comprising: 
(1) the different names by which it is known -- the 
parasitological names and the names of the United States, 
Mexico, and Guatemala. 
(2) historical summary of its discovery in Guatemala: 
data which I have taken from the resume of the lecture by 
Dr. Rodolfo Robles and edited by Dr. Victor M· Calderon. 
(3) geographical distribution: in the five zones of 
Guatemala, making mention of the departments and principal 
municipalities affected, and including a map of the Republic 
of Guatemala, cross-sectioned into degrees and minutes, for 
showing the latitudes and longitudes between which the zones 
of infection are found. This summary was taken from the the-
sis of Dr. Miguel Garcia Valle, of Guatemala, who has dedica-
ted all his efforts to fighting Onchocercosis. 
The description of the parasite is divided into four 
parts: The first is Generalities, and contains the taxonomy, 
characters of the super-family Filaroidea, synonyms of Oncho-
cerca volvulus, and the history of its discovery. The second 
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part relates to the microscopical examination of the adult 
worms. The third deals with the microscopical examination 
of the eggs and the microfilariae, and the fourth part with 
the evolutionary cycle of the parasite, its intermediate host, 
and its definite host. These descriptive data have been taken 
from various authors: Dr. David L· Belding ( 1), Dr. Rodolfo 
Robles ( 2), Dr· Victor M· Calderon ( 3), Dr. Rafael Morales 
I ( 4 ) , Dr. Ernesto Marroquin ( 5), and Dr. Carlos Esteves P. ( 6) • 
Since the thesis is primarily concerned with things para-
sitological, I am making only some references to pathology. 
These comprise two parts: (1) Generalities - invasion and in-
cubation of the parasite; (2) The Lesions - their elassifica-
tion: lesions which are purely cutaneous, sub-cutaneous lesions, 
ocular lesions, osseous lesions, anodular lesions, other lesions, 
and asymptomatic forms. These data were obtained from Drs. 
Robles ( 2), Belding ( 1), Esteves ( 6), Quevedo ( 7), Garcia 
Valle ( 8 ) , Diaz ( 9 ) , etc. 
The number V of the first part refers to the symptomatol-
ogy of the disease, and discusses the cutaneous disturbances 
called "Coastal Erysipelas," onchocercomas, visual disturbances, 
osseous lesions, etc. Consequently, I refer briefly to each 
one of these symptoms, since for more details it is necessary 
to have recourse to special treatment. However, I shall speak 
summarily of the remarks •ade by Dr. Robles ( 2 ) , Morales (4 ) , 
and Garcia Valle (8 ). 
The parts on which I am commenting in No. VI of the first 
part, are Diagnosis and Prognosis. In regard to clinical 
3 
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diagnosis, I am making references mentioned by several Guate-
malan authors; regarding the laboratory diagnosis, I refer to 
the technique which has been used so much in hospitals and cen-
ters such as the traveling medical buses which go periodically 
to infested zones. The notations referring to clinical diagno-
sis have been taken from Drs. Robles ( 2), Pacheco Luna (10), 
Esteves ( 6), Quevedo ( 7}, Diaz ( 9), and Garcia Valle '8). I shall 
describe the laboratory diagnosis according to the technique 
which I myself have used in work entrusted to me. 
Regarding the Prognosis, I shall write about what was said 
by Drs• Belding ( 1), Robles ( 2), Quevedo ( 7), and other path-
ologists. 
The Treatment is Part VII of the second part. Here I re-
fer to certain methods commonly used, especially regarding the 
elimination of the tumors. At the same time, I shall comment 
on the modern medical treatment, which consists of the oral ad-
ministration of Hetrazan. When I refer to the extirpation of 
the tumors, I do not refer to the technique used in surgery, 
since I ~ not well acquainted in that respect. The data re-
ferring to treatment by Hetrazan, I took from a circular dis-
tributed by the "Lederle Laboratories Division" of the American 
Cyana:liiid Company <11 ) • 
Point VIII, the last of the first part, treats of methods 
used to avoid disseminating the disease. I shall also write 
epidemiological data concerning the geographical distribution 
of the different simulids found and studied in Guatemala, noting 
the names of the municipalities and sections of the infested 
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zones. Together with this, I have included a chart with the 
numbers of the mean percentages of cases of Onchocercosis, 
taken from the Department of Public Health of Guatemala. This 
latter was transcribed by Dr· Garcia Valle (8 ) in his thesis, 
and to this chart I have appended the correct scientific sta-
tistics. 
The prophylaxis and control followed in Guatemala are ac-
cording to the Office of Panamerican Sanitation; therefore, I 
have taken these data from the bulletin published by the insti-
tution. 
The Second Part - The Vector - I have divided into two 
parts: I - Simulium, and II - Species of Simulium studied in 
Guatemala. 
The study of Simulium, Part I, contains: @ Generalities, 
which I describe in the following order: (a) the history of its 
discovery, (b) its geographical distribution on the continents, 
with the names given by natives of their respective lands, (c) 
its taxonomic study, and (d) differentiating characteristics of 
the family Simulidae. 
Number@ of this part treats of the general morphology of 
the species Simulium -- adults, eggs, larvae, and nymphs. 
Number® takes up the biological characteristics -- copu-
lation - ovulation - larval stage - nymph - and some experiences 
and observations. 
Point II, which treats of the species of Simulids studied 
in Guatemala, I am dividing into three parts. Number 1 contains 
the list of the species studied in Guatemala; Number 2 treats 
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of' the morphology of' the most important species in Guatemala • 
These studies having been made by Dr· Leopoldo Barillas B (12) 
and transcribed by Dr• Garcia Valle ( 8) in his thesis. As an 
aggregate to this part, I am making a complete translation from 
Spanish to English, of the morphology of the new species of Sim-
ulium (Earlea) larvi -- spinosum, discovered and studied by the 
eminent Guatemalan entomologist Dr· J. Romeo de Leon (llf. 
Number 3 also contains the morphological study of ten different 
types of nymphs, these studies having been made also by Dr. J. 
Romeo de Leon (14). (Translation from Spanish to English). As 
the third part, I have summarized the study which I effected in 
this thesis, this study being written in the same order followed 
in the two anterior parts. 
Appendix: I have added an appendix to this thesis which contains 
a list, in chronological order, of the authors who have written 
about Onchocercosis Guatemalense. 
Map 
In order that the zones of "Robles' Disease" may be seen, 
I have drawn a map of the Republic of Guatemala, which I am af-
fixing at the end of the part marked "Geographical Distribution 
of Onchocercosis Guatemalense." 
Drawings 
Trying to objectify the morphology of the parasite (Oncho-
cerca volvulus), I have drawn the different forms of its evolu-
tionary cycle. These drawings are copies taken from the orig-
inals of Drs. Belding ( 1), Marroquin ( 5), Esteves (6 ), and 
Garcia Valle ( 8)• 
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Photographs 
1. In reference to the nodular ·lesions, there is a photo-
graph (No• IV, Part 2, (b) sub-cutaneous lesions) of "• diseased 
carrier with nine nodules of Onchocerca," Estate "Los Victorias .• " 
Surgically operated on. This picture was taken from a publica-
tion by Dr· Esteves ( 6 ). Publicacion Sanitaria- "Ensayos Te-
rapeuticos en la Onchocercosis." 
2. In the part "Osseous Lesions," I am putting a photo-
graph, copied from one published by Dr. Francisco Diaz A ( 9), 
(No. IV, Part 2, (e) Osseous Lesions). The photograph shows a 
cranium completely perforated by an Onchocercoma. 
3· In the section describing chronic lesions of the skin 
caused by Onchocercosis or Onchodermitis (name given by Dr· Diaz 
A ( 9 } ) , I am affixing a copy of a picture taken by Dr. Diaz of 
an affected individual. As may be seen, the patient exhibits 
the leonine facies similar to those caused by leprosy. 
4. In the translations from Spanish to English, in the 
publications of Dr. J • Romeo de Leon ( 14), titled (!) New Species 
of Simulids from the Western Region of Guatemala, and ® A New 
Simulid from the western Region of the Republic of Guatemala, 
there are ten photographs of Simulid nymphs, and I have deemed 
it advisable to affix a copy of these photographs to the de-
scriptions of each nymph • 
7 
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1. Synonzms: 
II 
THE DISEASE 
ONCHOCERCIASIS GUATEMALENSE 
(Robles' Disease ) 
Onchocercosis 
Coloured Disease (Mexico) 
Coast Erysipelas (Guatemala) 
Blindness Disease (Guatemala) 
American Onchocerciasis 
2. History: ~ 3) . 
American Onchocerciasis was discovered in the year 
1915 in Guatemala by the eminent physician and surgeon, 
Dr. Rodolfo Robles. 
Through studies which he carried out, of patients 
having Coast Erysipelas (the name by which the disease 
is commonly known in Guatemala), he encountered the path-
ogenic agent. Two years of zealous research were necessary 
to make known his discovery • 
. In the year 1915, having under treatment a farm 
patient whose clinical chart was that of a person having 
erysipelas, Dr. Robles found that the disease was not of 
a streptococcic origin. Later, a child coming from the 
same place as that of the patient above, and having the 
same symptoms, came to consult him. The child had chronic 
eczema, disturbances of vision, and a tumor on the forehead. 
• 
• 
He removed the tumor and found a thin, white worm 
rolled into a ball and having the ch~acteristics of 
filaria • 
The dissection which he carried out was quite diffi-
cult, since the parasite was found to be firmly adhering 
to the tumor itself. After laborious attempts, he obta i ned 
a piece which he showed to Dr. Maximo Santa Cruz ----who 
confirmed the fact that they were dealing with a f i laria. 
After other cysts were extracted, they were digested in 
the stomach of a dog for five hours; then the animal was 
sacrificed. In that manner he obtained several samples 
which he showed for t h e first time at a session of the 
"Juventud .Medica" -- ·-on the fourth of March in the year 
1917. 
His observations were confirmed between the years 
1917 and 1920 by Drs. Victor M. Calderon and Rafael Pacheco 
Luna. The frequency of clinical manifestations of American 
Onchocerciasis was described by other eminent scientists. 
3. Geographical Distribution: ( I) 
In Guatemala the endemia affects the most fertile 
zones, which produce the best coffee. The studies of the 
infectious centers are distributed over five definite zones. 
First Zone 
Extent: 
Between 15° 04' and 15° 44' North Latitude, and be-
tween 91° 42' and 92° 06' West Longitude. 
9 
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Department: 
Huehuetenango: The affected municipalities are: 
Jacaltenango, San Antonio Huista, San Pedro Necta, Cuilco, 
La Democracia y La Libertad. 
Second Zone 
Extent: 
Between 14° 21' and 14° 38' North Latitude, and be-
tween 90° 51' and 91° 22' West Longitude. 
Departments: 
Solola: The affected municipalities are: Low part 
of San Lucas Tollman, and low part of Santiago Atitlan. 
Chimaltenango: The affected municipalities are: 
One part of Acatenango, and the whole of Pochuta and San 
Pedro Yepocapa. 
Suchitepeguez: The affected municipalities are: 
The high part of Santa Lucia Cotzumalguapa. 
Third Zone 
Extent: 
Between 14° 12' and 14° 24' North Latitude, and be-
tween 90° 31 1 and 90° 45' West Longitude. 
Departments: 
Guatemala and Escuintla: The affected municipalities 
are:: Villa Canales, San Vicente Pacaya, and Palin. 
The disease coming from Escuintla, part of which is 
adjacent to Guatemala, affects the slopes of the Volcano 
of Pacaya and part of Villa Canales; embraces Palin and 
San Vicente Pacaya, coming a1most up to the southern part 
10 
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of the town of Amatitlan; and extending toward the South 
East, a~ost touching the Santa Rosa department. 
Fourth Zone 
Extent: 
Between 14° 05 1 and 14° 13 1 North Latitude, and be-
tween 90° 22' and 90° 39 1 West Longitude. 
Departments: 
Escuint1a: The affected municipality is: The South 
of Guanagazapa. 
Santa Rosa: The affected municipalities are: 
Taxis co, Pueblo Nuevo Vinas, and Guamacapan. 
Fifth Zone 
Extent: 
Between 14° 14 1 and 14° 15 1 North Latitude, and be-
tween 90° 06 1 and 90° 08 1 West Longitude. 
De;eartment: 
Jutiapa: The affected municipalities are: San Jose 
Acatempa (Azacualpa) and one part of ~ezada. 
Besides these zones, the disease has been found in 
other towns, but it is due to the fact that the country 
people are accustomed to pass through the infested zones 
during the coffee harvest, which lasts two or threa months 
annually. Thus there have been found cases in the munici-
palities of Cubulco, Santo Tomas, Chichicastenango, Zaragose, 
Patzun, Patzicia, and other places. Nevertheless, it is 
possible that these workers, returning to their native 
vi l lages, become carriers. 
ll 
• 
Dr. Rafael Morales (:.4 · ) found two men who had 
Onchocerciasis, coming from Cubulco (Department of Salama). 
Due to his age, surgical treatment was not possible in the 
case of one of them; but the presence of filarias in tumors 
was confirmed in the other. The latter was operated on. 
This patient affirmed that he had never gone out of Cubuloo • 
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III 
THE PARASITE 
ONCHOCERCA VOLVULUS 
(Onchocerca RoblenBis) ( ) 
1. Generalities 
(a) Taxonomy ( 1) 
Kingdom: ANIMAL. Sub-Kingdom: METAZOA. 
Phyla: NEMATHELMINTHES. Class: NEMATODA. Order: SPIRURIDA. 
Sub-Order: SPIRURINA. Super-Family: FILARIOIDEA. 
Family: DIPETALONEMATIDAE. Genus: ONCHOCERCA. 
Species: ONCHOCERCA VOLVULUS. 
(b) Characters of the Super-Family Filarioidea ( 1) 
The worms called Filarias are slender Nematodes, para-
sites which live in the lymphatic and circulatory systems, 
in the muscles, in the fibrous tissues, or in the serous 
cavities of the vertebrae. Many species are found in 
mammals and in birds. The filarias are commonly found as 
parasites in the birds of the United States of North America, 
particularly in ravens and English sparrows. 
The worms possess a simple mouth, oval or circular, 
rormed without prominent lips, surrounded by one or two 
small circles of papillae. The buccal cavity is rudimen-
tary or non-existent; the esophagus has no bulb; the in-
testine is of simple structure. The males ordinarily have 
unequal or dissimilar copulative spieulae; the tail has no 
alae. The length of the female is three or four times 
.. 
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greater than that of the male; they produce embryonated 
eggs, which hatch in the uterus or shortly after being 
laid. The microfilaria (pre-larval forms) are found in 
the blood, in the lymphatics, or in the tissues of the 
host. To complete their evolutionary cycle, these para-
sites need an intermediate host such as th~ mosquito or 
the biting flies, insects within which the microfilaria 
undergo their metamorphosis before becoming infectious. 
(c) Filariae Parasitic in Man ( 1 ) 
To date, the following principal parasitic species 
in man are known: Wuchereria bancrofti, Wucheraria 
malayi, Acanthocheilonema perstans, Manzonella ozzardi, 
Loa-loa, Onchocerca volvulus. The Microfilaria strepto-
cer~a is another one of the species, but only its larval 
stage is known. Occasional infections are caused by 
Dirofilaria repens, by Dirofilaria magalhasi, and by ten 
or more species; but these are rare, and up to this time 
but little studied. 
(d) Synonyms of Onchocerca Volvulus 
Filaria volvulus (Leuekart, 1893) 
Microfilaria nuda (Rodenwaldt, 1924) 
Onchocerca Caecutiens (Brumpt, 1919) 
Onchocerca Roblensia (Calderon, 1920) 
(e) History ( 1 } (.8) • 
The parasite was discovered in 1875 by a German medical 
missionary, Dr. O'Neil, in tumors extirpated from natives of 
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the Gold Coast in West Africa.· Leuckart, in 1893, de-
scribed the filaria by the name ·Onchocerca volvulus; 
Prout studied, in 1901, two cases in Sierra Leone; Brumpt, 
in 1904, found fifteen more cas~s in the natives of Central 
Africa; Rodhain and Hissette, in the Belgian Congo; Sharp, 
in Nigeria; Blacklock, in Sierra Leone; and Strong, in 
Liberia and the Belgian Congo. 
In America, Dr. Robles ( 2) in 1915 discovered the 
parasite and made known its description in 1917; Brumpt, 
in 1919, considered it a new species and classified it as 
Onchocerca eaecutiens; in 1920, Dr. Victor M. Calderon ( 3 ) , 
in studies made on the same, gave it the name of Onchocerca 
roblensis. 
Finally, the helminthologists have made diligent morpho-
logical studies of both species, African and American, and 
they have not found absolute differences. Actually the name 
of the parasite is Onchocerca volvulus. 
2. Macroscopical Examination ( l) (2)(4) 
(a) Adult Male 
It is a slender worm of yellowish-white color with 
blunt ends; its size varies from 24 mm. to 42 mm. in length, 
by 200 ~ in width; it possesses a copulatory spicula of 
184 ~ and an accessory spicula of 96 ~; the posterior ex-
tremity of the parasite is found to be markedly coiled, 
possessing a wealth of perianal papillae, which facili-
tate the identification of the species, even when it pre-
~ 
sents considerable variations- i:fi. its position. 
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Adult Male of Onchocerca Volvulus 
Fig. 1 Fig. 2 
Several free 
Fig. 1. 
Fig. 2. 
(b) Adult Female 
adult males. Posterior end of adult male. 
Original design. 
Redrawn from Dr. Belding's Parasitology, 1942. 
The worm, like the preceding, is a yellowish-white or 
transparent cream in color, thin, and with blunt ends. Its 
size varies from 28 em. to 40 em. in length, by 300 ~ in 
width. The diameter of the parasite diminishes toward the 
tail in a uniform and progressive manner. In the cysts they 
are found unrolled; but, on being touched, the animal rolls 
itself up instantly. The mouth is small and circular, fol-
lowed by a strong esophagus; It is thickened in the lips, 
forming a little double; in the vicinity of the mouth, two 
concentric circles are present, with four papillae each, 
besides having within these circles a large pair of oval 
papillae. 
The worm is ringed; the rings, which are heavy and are 
apparent in the body, are blurred near the posterior extremity. 
Owing to these rings, the body is of the greatest elas-
ticity; but if it is pulled too much, the external cuticle 
breaks, leaving the internal organs intact, because they 
are more resistant, and with the appearance of a tail. 
The vulva is found to be 800 ~ behind the cephalic ex-
tremity and has a double uterus. The anus cannot be seen. 
The anterior extremity of the parasite has an obtuse form. 
Adult Female of Onchocerca Volvulus 
Fig. 3 
Adult female. Redrawn from 
Dr. Belding's Parasitology, 
1942. 
Fig. 5 
Fig. 4 
Head of female, showing the 
cephalic infundibuliform ex-
tremity. Design taken from 
Dr. Garcia Valle's thesis. 
Anterior end of female. Redrawn from Dr. Belding's 
Parasitology, 1942. 
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3. Microscopical Examination (1)(2)(4). 
(a) Ova 
These present themselves as oval and flat in their 
first stages, becoming circular as the embryo reaches the 
end of its development. Their size differs between 45 (.1 
and 60 (.1 in length, by 30 (.1 to 50 (.1 in diameter. 
The data furnished by investigators on the presence 
and absence of the two pointed extensions in the poles of 
these eggs, are not yet in accord. In the diligent studies 
that Dr. Ernesto Marroquin ( 5 . ) made in Guatemala, he did 
not observe said extensions, which detail has been thought 
necessary in differentiating them from other species. 
According to the state of evolution of the eggs, the 
observation of their various internal structures, there are 
eggs filled with an indistinguishable mass; others with two, 
four, or eight blastomere. There are others with two por-
tions separated by a constriction, and others already en-
closing the lengthened embryo, rolled over itself, and with 
a constant mobility. 
The membrane that covers them is transparent; and when 
they are in the phase of four blastomere, they are similar 
to the eggs of Necator .Americanus • 
Evolution of the Ovum of Onchocerca Volvulus ( 5) 
a, b, c, d, and e are 
holoblastic alecithal 
f shows the ph~~e of 
g, h, and i, f _olding 
j and k, attenuation is 
the form of vermiculum. 
1, the evolutionary f 
filaria; the egg pres 
becomes almost circular 
oval and evolutionary 
ed period of development. 
until it attains 
is _that of the embryo of 
its cuticle, and the form 
(b) Microfilariae ~ 1)( -). 
Still preserving the cuticle of the egg, the classical 
aspect of the embryos is clearly presented in the form of a 
v; nevertheless, spots are observed in other forms. 
The embryo, now free and in its typical microfilarial 
form, can be seen in the posterior segments of the uterus 
of the females, where are found thousands of them, which 
_ stretch out with their constant motion until they are ex-
pelled by the vagina. 
Dr. Robles ( . ) , in experimental microscopic observa-
tions, proved that the microfilaria in the moment of break-
ing the cuticle remains for several seconds with heavy move-
ments; but immediately these movements become extremely 
rapid, with the greatest activity in the two posterior 
thirds, effecting waving of the tail toward the right 
flank and toward the left flank alternately, coiling and 
uncoiling rapidly, and, similar to a whip, lashing force-
fully the corpuscles which are found in the preparation. 
Microfilaria of Onchocerca Volvulus 
Fig. 7 
Microfilaria effecting wav-
ing of the tail. Redrawn 
from Dr. Belding's Parasi-
tology, 1942. 
Fig. 8 
Posterior end of micro-
filaria. Redrawn from 
Dr. Belding's Parasitol-
ogy, 1942. 
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The waving movements which are ob.served in the anterior 
third are effected slowly. 
The majority of authors have described the embryos of 
Onchocerca Volvulus as unprovided with cuticle; but in the 
studies of Dr. Carlos Esteves P. ( 6 ) , he has indicated that 
cuticle, on going out thus from the maternal uterus, serves 
to protect them in the large migrations and the transform-
ations that they acquire in the skin and in the eyes of 
patients, and in the intermediate host. 
Microfilariae exist in two different sizes; some from 
285 ~ to 368 ~ in length, by 6 ~ to 7 ~ in width; others 
from 150 ~ to 284 ~ in length, by the same width as the 
preceding. 
4. Life Cycle (l) 
(a) Intermediate Host ( 6) 
Among the simulium adults, it is only the female which 
bites men, and which silently places itself on the exposed 
parts of the skin of the individual. 
When said insect introduces its proboscis into the 
skin of an onchocerciasis sufferer, the strong suction 
establishes an intense current of blood, by which act the 
embryos are inserted. Many of these embryos are trans-
ported rapidly to the posterior intestines, in which they 
are semi-digested slowly and are defecated with the rest 
of the aliment. But another great number separate them-
selves from the blood stream, adhering to the esophagus or 
to the diverticula, where they succeed in breaking through, 
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Simulium: Vector of Onchocerca Volvulus 
Fig. 9 
Simulium, flying position. 
Redra\vn from Dr. Belding's 
Parasitology, 1942. 
Fig. 10 
Simulium, biting position. 
Original design. 
in search of thoracic muscles, the first place that r esists 
transformation of the embryos. Dr. Luis Vargas ( says, 
in his works, that the esophagus, as well as the i n t estine 
of the insect, resists being entered by the embryos, the 
thin walls of the diverticula being the only places that 
the microfilariae find easy to go through, infecting in 
this way the simulium. On the other hand, Dr. Carlos 
Esteves P. ( G ) says, in this respect, that the embryos 
have been capable of entering into the tough tissues of 
human skin, and with ease disassociate the strong and well-
cemented corneus lamina and the fibres of the sclera of the 
eye. He does not believe that the microfilariae meet with 
insurmountable resistance in entering into the fragile in-
testinal walls of these simulium flies. 
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Dr. Esteves ( ·6) explains that two hours af'ter having 
experimentally inf'ected the simulium, they were studied in 
histological preparations, where he :found a few embryos in 
the diverticula, and many immediately posterior to the pro-
ventriculus, in the middle intestine. In this initial evo-
lutionary phase, and during the twenty-f'our hours that 
follow, the microf'ilariae invade the muscle freely in all 
directions; but after this period, they achieve a parallel 
position in the fibers of these muscles, locating them-
selves in an immovable position. 
In the histological preparations of forty-eight hours 
after the experimental bite, the microfilariae are found 
immotile in the muscle, and of increased thickness, which 
makes them look shorter. 
In the final period of the evolutionary cycle in the 
intermediate host, the study of the histological prepara-
tions made sixty hours after the experimental infection, 
they show these, called "sausage forms," slow moving, idle, 
and characterized by a preference :for localizing themselves 
in the thick, dorsal and ventral muscles, in an empty cavity, 
in the form of an elongated spindle, between the fibers of 
the tissue. The microfilariae remain there a few days un-
til they reach their maximum evolutionary state. In this 
last phase, they tear the thin, muscular mantle that en-
closes them, and are free again in the simulium, presenting 
an active movement, and thus constituting the inf'ectious 
migratory form or metacycle. 
• 
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{b) Definite Host ( 1 X8) . · 
The differentiation of the sexes of the microfilariae 
and their metacycle state in the simulium, are points found 
in stages of incomplete investigations, in which it is not 
possible to detail exactly the process of transmission. 
Several hypotheses have been expounded to expl~dn this 
mechani.sm: The embryo metacycles in the abdomen of the 
simulium possess a special taction. This taction enables 
them to migrate in the saliva with active movement towards 
the outlet of the proboscis, which has already been intro-
duced into the skin. The embryos then are deposited in the 
corium. Another possible manner of effecting the transmis-
sion is: Vl.hen man feels the presence of the insect and 
crushes it against the skin, the microfilariae are expelled 
by the anal pore. Then, by a mechanism resembling that in 
the uncinaria, they penetrate into the human organism, being 
able to enter by the same perfo~ation that the fly made with 
its proboscis. From the preceding explanations it can be 
supposed that transmission can be realized simultaneously 
by two mechanisms. 
Dr. Belding { 1 ) explains that the larva of the Oncho-
cerca vo1vulua slips into the proboscis of the simu1ium 
customarily at the extreme terminal end, one- tenth of the 
larva remaining within the proboscis; and then at last, 
finally is suddenly expelled by muscular contraction. 
The movement of the microfilariae in the human organism, 
going from the point of invasion to the place where they 
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will form the tumors, seems to be effectuated by creeping 
space by space in the tissues, and by the lymphatics and 
blood vessels • 
Females and males arrive in this invasion, fOl" after· 
becoming adults they live imprisoned and form.-balls within 
the fibers of the tissues; this being where the union occurs, 
giving origin to their reproduction. 
Dr. Ernesto Marroquin ( l5) made a study 0f female fer- . 
tility of the Onchocerca volvulus and subsequent evolution 
of the eggs. This is effected as in all holoblastic aleci-
thal ova. At first they are filled with an indistinguish-
able mass, followed by the appearance of two blastomeres, 
which at first subdivide into four, and afterwards into 
eight, before establishing the morula. At the advanced 
phase of development, the disappearance of the blastomere's 
segmentations is observed, the increase is made evident, and 
the first morphological delineation begins, forming two un-
equal portions joined by a slender middle part. 
Folding itself over, in this phase the attenuation 
commences; \mich is accentuated until it attains the form 
of a vermiculum elongated and rolled up in itself, showing 
a gritty aspect and constantly moving. Lastly, its evolu-
tionary form is that of the embryo of the filaria class, 
preserving the cuticle of the egg, which becomes almost 
circular in form. 
The embryos break the cuticle of the egg and are free 
in the maternal uterus; they can now be found by millions 
• 
and in their typical microfilaria form. These movements 
favor their being expelled by the vagina; and on finding 
themselves completely free in their positive phototropism, 
they spread into all the cellular subcutaneous tissues and 
are again in condition to be sucked up by the transmitter 
insect. 
Life Cycle of Onchocerca Volvulus 
Fig . No. 11 
Design imitated from Dr. Belding's Parasitology. 
a. Infected man. 
b. Microfilariae from man's blood. 
c. Simulium ingests microfilariae, which after their 
metamorphosis reach its proboscis. 
d. Infectious microfilaria. 
e. Heal thy man. 
f. Sketch of simulium. 
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Stage of Life Cycle of Onchocerca Volvulus 
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PATHOLOGY 
1. General 
(a) Introduction (]. ) { 8 ) 
Onchocercosis is a disease produced by a nematode 
(onchocerca volvulus), a parasite classified in the oncho-
cerca genus, this agent causing the onchocercosis of Africa 
and America. 
Onchocercosis is a chronic disease of the skin and the 
subcutaneous tissues, characterized by the formation of nod-
ules or tumors. 
These tumors appear in all parts of the body; in Africa 
they are found l .ocalized principally in the trunk, in the 
muscles, and in the arms, due to the fact that the natives 
keep their bodies almost completely naked and exposed; and 
as a consequence, the fly bites them. In Mexico and in 
Guatemala, although they appear in different parts of the 
body, for the greater part they are located in the pericranium 
and the head. 
Toxins, metabolic products, or disintegration of the 
parasite show that in many affected individuals secondary 
alterations of the skin and eyes occur. 
(b) Period of Parasite Invasion 
According to Esteves (6 ), all studies made up to date 
have not been able to explain exactly that period in which 
the parasite, Onchocerca volvulus, invades the human body. 
To explain precisely how this happens, it is necessary: 
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(D to demonstrate the exact manner in which the metacyclic 
stage of the parasite penetrates the human body; (g) to dem-
onstrate the exact manner in which the late developmental 
stages of the parasite, to form the new onchocercoma, occur 
in the human organism. Undoubtedly, once these two things 
have been demonstrated, it will be known why the metacyclic 
embryos are found in specific regions of the human body, and 
not scattered throughout any of the bodily tissues. 
However, as Belding ( l) and Esteves ( 6) indicate, it 
is logical to presuppose that the microfilariae penetrate the 
skin when the fly introduces its infected proboscis, or else 
penetrate · by means of a special tactile mechanism into the 
minute opening or fissure left after the insertion of the pro-
boscis of the infected fly. 
Female and male metacyclic forms of Onchocerca volvulus, 
when ready to advance (in the human tissues) and, as Esteves 
( 6 ) says: rrpossibly because of the immediate necessity of 
these metacyclic forms of becoming surrounded by fibroblasts 
which would immediately react against the parasitic forms by 
creating a defensive sclerosis," the parasitic forms locate 
themselves preferably close to the periosteum of flat bones, 
muscular aponeuroses, and occasionally in periarticular liga-
menta and tendinous sheaths. It is also +ogical to presuppose 
that these embryonic forms, in their migrating stage, utilize 
capillaries, lymphatic ducts, and even the muscles where, as 
has been said above, the embryonic forms advance from one 
space to another, little by little. 
• 
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(c) Period of Incubation ( 6 ) 
It has not been possible to fix exactly the period of 
incubation of the disease, since this time is variable. How-
ever, the time that occurs, from the infection until the ap-
pearance of the symptoms, has been calculated between six 
months and a year. 
Nevertheless, cases have frequently been observed in 
young children who have had apparent disturbances of the dis-
ease in some one of its forms. Dr. Robles ( 2) says that the 
period of incubation appears to be approximately three months. 
He studied the case of a child whose family came from an im-
mune place and installed itself in an infested region. After 
a certain time, he found out that this child of three months 
showed symptoms of the disease, with cephalic cysts besides. 
Dr. Pacheco Luna (10) reports an observation. He cites 
the case of a child of five months in whom he verified the 
complete picture of the disease. According to the mother, 
the symptoms appeared two months after birth: that is to say, 
when the child was three months old. 
Dr. J. A. Bernhard ~---found a nodule in a child of 
three months. 
Dr. Garcia Valle ( 8 ) discovered an onchocercic tumor 
in a child of eight months • 
2. Lesions 
(a) Classification of the Lesions 
To facilitate the description of the lesions caused by 
Onchocercosis, I intend to follow the classification of 
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Dr. Garcia Valle ( 8) who elaborated it with fine didactics. 
However, as he says, it is not based on a severe clinical 
criterion. 
Lesions of Onchocercosis 
Classification of Dr. Garcia Valle ( 8) 
Asymptomatic Forms -lCarriers of microfilariae. 
Pure Nodular Forms -\Without disturbances other than 
Jthe presence of nodules. 
Ocular Forms _______ ocular lesions, or both at the 
Cutaneous Forms-----JPatients who exhibit cutaneous or 
same time, with manifest or ocular 
Mixed Forms - - - --- nodules. 
However, upon explaining these pathologic lesions, and 
considering that it may be convenient to start the descrip-
tion with the visible lesions, and those of greater gravity, 
I have altered the order of the previous classification, 
leaving until the last the anodular lesions and the asympto-
matic lesions. 
(b) Nodular Forms ( 6 ) ( 8 ) See Fig, # 12 
Esteves ( 6 ) considers 11 there is no other helminth which 
in its parasitic stage could protect itself so well or could 
produce in the human body such a marked defensive reaction 
against the Onchocerca parasite. Adult male and female worms 
cause the rapid formation of a subcutaneous tumor, highly fi-
brous, at the expense of the periosteum of the flat bones; 
superficial muscular aponeuroses; and occasionally the tendi-
nous sheaths, at the center of which they live clumped and 
held together by the connective tissue of the tumor. 
32 
Pati§nt with .Onchocercomas_ 
F.tg. 12 
Patient carrier of nine nodules of Onchocerca. 
Country-man of the farm 'IJ,av Victorias'' Guatenala. 
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"The formation of the onchocercous nodule follows a de-
velopmental pattern as yet unknown in various of its aspects; 
a.nd although little research has been done in this respect, 
there is undoubtedly some kind of secretion or toxin of scle-
rogenous action common to both the adult and embryonic forms, 
which reaches its maximal production in the nodular phase. 
What strikingly characterizes the onchocercous nodule is the 
extremely marked fibrosis which develops within a.nd around 
the nodule itself. This reaction could, perhaps, be consid-
ered an action of defense of the worms held within the nodule, 
or a protective reaction of the human organism against para-
s i tea." ( 6) 
Garcia Valle ( 8 ) explains that these tumors or "subcu-
taneous nodules (onchocercoma) are found under the skin, gen-
erally adhered to tissues of the connective tissue series, 
with a decreasing frequency as follows: aponeurotic layers, 
periosteum, muscle, and adipose tissue. Nodules are very 
seldom found close under the skin a.nd adhered to the dermis." 
The nodules are found most frequently in the following 
regions:. scalp; iliac crest; inferior portion of the poste-
rior cervical ligament; dorsal spine - scapular, dorsal, and 
lumbar regions; acromial region; frontal region; greater tro-
chanter; crural arcade and limbs. fi~ey have never been found 
in the viscerae; however, a definite statement in this respect 
cannot be made, since the data collected (autopsies) are lim-
ited a.nd not enough to permit such a statement. Neither can 
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they be found in the epithelial type of tissues, except in 
the skin. 
The particular spot where the Simulium mru{eS its bite 
has no influence on the localization of nodules. This is 
shown by the fact that the nodules are very rarely found in 
areas like the hands and face where the fly most frequently 
makes its bite. 
(c) Cutaneous Forms ( 2 ) ( 8 ) 
In onchocercosis, the cutaneous alterations are the 
most visible and extensive ones, and this probably explains 
why they have been given the name of 11 erisipela de la costa" 
(coast erysipelas) in Guatemala, and "mal morado" (violet-
colored disease) in Mexico ( 2 ) • 
11Erisipela de la costa." This seems to be the most con-
stant manifestation and in our medium is the easiest to find. 
It strongly remL~ds one of the classical erysipelas disease, 
and is most commonly observed in persons who have lived in 
the endemic zones a minimum of three months ( 2 ) • 
In onchocercosis, the main skin alterations are developed 
in the dermis, the epidermis being affected only as a result 
of the lesions occurring immediately below (dermal lesions). 
The affection could be said to be caused by some sort 
of mechanical or infectious phenomena which produce lymphatic 
obstruction with lymphangitis and dermitis following consecu-
tively. It also could be recalled that perhaps we are deal-
ing with a series of allergic reactions due to catabolic 
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products, elaborated by the microfilariae accumulated in 
the dermis; or else, to the liberation of similar products 
(in this case, of helminths themselves) inhabiting the nod-
ules. These products, for some reason or other for exam-
ple, traumatic-- when liberated outside of the nodules, pro-
duce a striking reaction in the individual, already sensitized 
by the constant presence of these products, precisely in the 
skin, where phenomena of this type occur more frequently (8). 
In America, there exists another cutaneous, onchocerco-
cic affection known as 11 sarna onchocercociea 11 (onchocercocic 
itch) and in Africa called "craw-craw," but this is very sel-
dom found. ''It is characterized by a papulopustular, prurig-
inous eruption or by a lichenification and skin elephantiasis 
which coincides with the accumulation of microfilariae in the 
dermis ( 8 ) • " 
(d) Ocular Lesions (7) 
The appearance of the ocular lesions in onchocercosis 
frequently is late. However, it seems to depend on the lo-
calization and number of the nodules. 
It is the opinion of pathologists that the ocular le-
sions are more prematurely matured when the tumors are found 
in the head, and even more so when their numbers are increased. 
On the other hand, these lesions come late and still do not 
appear when the tumors are localized in the body and at some 
distance from the eyes, and especialli if their number is 
small. 
In accordance with the ophthalmological studies made 
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by Dr. Arturo ~evedo0?,£heocular lesions of onchocercosis --
when advanced -- may be classified in the following manner: 
Primary Type -
Secondary Type 
Tertiarx Type 
(e) Osseous Lesions 
Lesions in the front part of the 
eye, of a sub-acute inflammatory 
character. These lesions are 
found in the cornea, iris, pupil, 
and ciliary body. 
- Lesions in the posterior part of 
the eye, with a slightly noticeable 
inflammatory reaction. These le-
sions are found in the choroid coat, 
the retina, and the optic nerve. 
Dr. Q).levedoC7l~ys that there are 
severe cases of this type of lesion 
in which only a minute, thorough ex-
amination can show the lesions of the 
anterior segment of the eye. 
- Lesions which are a combination of 
the two previous types, sometimes 
complicated by secondary glaucoma . 
The three types ordinarily result 
in the complete blindness of the 
patient. 
These lesions are frequent, and usually are seen in 
contact with a bone or closely separated by a thin layer 
of tissue. After the cutting-out of the ttunor, there is 
frequently observed a hole in the bone where the nodulus 
was located. 
Dr. Francisco Diaz A !~:found. that in onchocercosis the 
cranial cavity was perforated. In the year 1938, he extrac-
ted an onchocercoma from a patient of seventy years, and the 
pressure exerted on the nodule at the time of operation re-
sulted in vertigo. When Dr. Diaz A.(~)pS,lpat~d·~the cavity 
from which the nodule was taken, he clearly felt the palpi-
tation of the meninges. The patient was a woman , who died 
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the following year, 1939, and six years later (that is, in 
1945) the body was exhumed and was found to have the cranium 
totally perforated by the onchocercoma. (Fig.# 13) • 
Fig. 13 
Cranium totally perforated by the Onchocercoma. 
(f) ~r Lesions 
Dr. Robles reported a case of epilepsy in which the 
patient recovered after the extirpation of the tumor. The 
tumor perforating the cranial cavity was irritating the cer-
ebral cortex. Dr. Garcia Valle(8)-~ tJhat: ·cases of neuralgic 
sciatica have been seen. According to hbn, he observed one 
case in which the patient -- after the tumor, which was in 
back of the trochanter, was extracted -- became cured of the 
neuralgia. 
Dr. Carlos Federico Mora (16) published, in 1922:, in the 
maga§ine "Juventud Medica," his observations on a case in 
which there were mental disturbances caused by onchocercosis. 
Referring to the examination which he made on the patient, 
Dr. Mora says, "All that I could find were auditory and vis-
ual hallucinations which were very much in evidence and very 
vivid and complete. 
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"After the extirpation of the tumor, which was not 
perforated, from the occipital region, the patient's hal-
lucinations disappeared. Since there have been found mi-
crofilarias in the cephalic liquid, and since there are 
mental disturbances without previous perforation, it is 
believed that it may be possible that these embryos cause 
lesions in the encephalon." 
(g) Anodular Forms ( 8 ) 
Dr. Garcia Valle ( 8) considers that really this form 
exists only in appearance, and are being called thus im-
properly; for many times, after minute explorations, tumors 
are found responsible for cutaneous and ocular upsets. Nev-
ertheless, on many occasions, after exhausting all the pro-
cedures in order to find tumors, in the end the result is 
negative; for which reason, the cases are very difficult, 
for only with extirpation will the produced upsets disap-
pear -- a circumstance which is very unfavorable to the 
patients, for they remain without treatment. 
(h) Asymptomatic Forms (1) (8). 
Another of the forms of presenting the disease is the 
form called asymptomatic, which consists only in the presence 
of microfilariae in the individuals, who, not presenting ap-
parent manifestations, are true carriers • 
These patients, who have presented neither cutaneous 
upsets nor ocular ones, have been submitted to a minute ex-
ploration, without tumors being found; and the diagnosis has 
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been effected in practical biopsies. These biopsies have 
persisted in being positive for many years, and at times 
have showed always an elevated blood eosinfilia. 
All this serves to confirm the observations and studies 
( 1) that are practised in Kenya, an English colony of Ori-
ental Africa, where they have demonstrated that the disease 
can be present without the formation of nodules. In this 
colony, where onchocercosis exists, the nodules are unkno\~ • 
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SYMPTOMATOLOGY ( 8) 
The formation of nodules is the first manifestation of 
onchocercosis; after a variable time, it continues with a 
state of allergy, shown by increase of acute dermitis, which 
appears on the skin of the face, urticaria is present, and 
pruritus, etc. 
The hematological examinations show a raised percentage 
of eosinfilos, capable of reaching up to 35 per cent and even 
more. 
There is tumefaction of the face, the skin becomes tense 
and wine-red in color (like erysipelas produced by the strep-
tococcus). The temperature rises from 39 degrees to 40 de-
grees Centigrade; in children, at times, there is prostration, 
convulsions, and delirium. 
On many occasions there exist only well-formed nodules, 
without the appearance of other secondary distrubances. The 
patient tolerates these tumors, to a certain degree, for many 
years. He is troubled only by their presence. Dr. Garcia 
Valle (8) calls them "nodulas puras• (pure nodules). 
To this purely nodular form, it is necessary to add the 
nodular forms with cutaneous lesions, of acute or chronic evo-
lution; and other forms which, besides being nodular and cuta-
neous, present ocular upsets that are of more or less serious 
nature and, in general, of chronic evolution. The forms of oc-
ular upsets, w1 thout cutaneous lesion.s, are very rarely present. 
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Dr. R~ .. Morales (4) d escribes the symptomatology of 
coastal erysipelas (acute form) in the following manner: 
"Tumefaction of the face, skin tie;ht, red (vinous 
red), painful (simulating the erysipelas of the face pro-
duced by the streptococcus), temperature 39-40 degrees 
Centigrade. In children -- prostration, convulsions, and 
delirium. 'rhe conjunctiva is red, the ears considerably 
increased in size; the swollen eyelids hinder the patient 
from opening his eyes; the lips, especially the upper lip, 
are enlarged. The neck is also affected, although to a 
lesser degree, by this extraordinary swelling. The patient 
complains of a burning or smarting throughout the skin, 
itching, and a sensation as of things crawling over the 
skin; if he scratches himself, he suffers pain and a feel-
ing of hotness. 
"The symptoms are very marked, at the sides of the 
eyes; periorbital pains, the conjunctiva bloodshot, sensa-
tions of foreign bodies, and in some cases iritis is found, 
complicating a picture which, in itself, is already grave. 
"The cornea is a little dull, with small leucomas, as 
if the patient had suffered from an ulcrative keratitis." 
The examination of the back of the eye does not re-
veal anything abnormal (Dr. Pacheco Luna}.(lO) 
Sometimes there are observed neuralgias in the whole 
region of the trigeminus. The ear hears buzzings , hammer-
ings, and there is intermittent or continuous deafness. 
'rhe examination of the tympanum reveals nothing abnormal. 
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Another of the symptoms of advanced lesions of the 
skin is the enlargement, usually of the back, abdomen, 
face, buttocks, and loin. 
The swollen skin is serous or sweaty, has the look of 
an orange, and is seen to be furrowed with many small folds 
or creases ( 9 ) • 
Onchodermatitis, the name given by Dr. Diaz A. _,(9:); · ex-
hibits also edema, glossy or very dry pigmentation, pruri-
tus or itching, at times resembling in its chronic symptom-
atology the leonine facies of the leper. (Fig. # 14). 
Fig. 14 
Onchodermatitis resembling the 
leonine facies of the leper • 
• 
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VI 
DIAGNOSIS 
1~e diagnosis of Onchocercosis may be divided into 
two parts: clinical diagnosis and laboratory diagnosis. 
A. Clinical Diagnosis 
1. Antecedents of the Individual 
(a) origin. 
(b) notation of whether he visited or 
lived in an onchocercic zone. 
(c) length of stay. 
2. Confirmation of onchocercic cutaneous lesions 
(a) compare with streptococcic erysipelas, 
lymphatic abscesses, infectious derma-
titis. 
(b) make allergy tests with urticating 
plants. (8). 
3. Confirm the onchocercomas 
(a) differentiation - CD whether sebaceous 
or cystice~us cysts, GD whether chronic 
adenitis, ~ whether lipoma, fibroma, etc. 
(b) In the inguinal region, it is necessary 
to differentiate between cysts of the 
deferent cord or Canal of Nuck, epiplo-
coeles, and hernias. 
4. Note the ocular disturbances, whether they are 
€here after the ophthalmological examination. 
B. Laboratory Diagnosis 
1. Biopsis of the skin - Procedure: 
(a) Disinfect the selected area with 
alcohol and let dry. 
(b) With a pair of circular scissors, cut 
off a small piece of skin, taking the 
epidermis and the superficial layers 
of the dermis without bleeding. 
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{c) Put the piece of skin on a micro-
scope slide and add to it a drop 
of physiological saline solution. 
{d) Observe under the microscope, using 
low power (objective No. 10 and oc-
ular No. 10 or No. 5). 
2. Observations 
{a) The biopsy of the skin is almost pain-
less; therefore it is not necessary to 
use anaesthetics. 
(b) The regions of the skin in which the 
microfiliarias are frequently found 
are: edges of the helix {ear), the 
scapular region, the nape of the neck, 
and the skin which covers the oncho-
cercoma. 
3. Puncture of the Onchocercoma - Procedure: 
{a) Disinfect with alcohol and let dry. 
(b) With a syringe of 2 to 5 cc capacity, 
provided with a firm needle, penetrate 
the center of the nodule, withdrawing 
a small quantity of liquid. 
(c) Put a drop of the liquid drawn off 
onto a slide and add to it a drop of 
physiological saline solution. 
(d) Observe under the microscope, using 
low power (objective No. 10 and ocular 
No. 10 or No. 5). 
4. Conjunctival Biopsis - Procedure: (7) (8) 
(a) Apply some drops of 2,%. cocaine solution 
to the eye to anaesthetize it. 
(b) Make a fold in the bulbar conjunctiva 
with very fine tweezers • 
(c) At the base section a piece with very 
sharp, fine scissors, avoiding bleeding. 
(d) Put the tiny piece of tissue on a slide 
and add a drop of physiological saline 
solution. 
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(e) Observe microscopically, using low 
power (objective No. 10 and ocular 
No. 10 or No. 5). 
Observations 
1. During a biopsy, if the microfilarias are not im-
mediately apparent, a drop of physiological saline solution 
is added at intervals to keep the preparation moist. Many 
times, even after an hour, the microfilarias appear outside 
of the piece of skin or conjunctival tissue. 
2. Not taking into account the lack of technique in the 
examination of the punctured liquid of the onchocercoma, the 
result can be negative regarding the microfilarias; this hap-
pens when the adult filariae are already dead, or when they 
are solely of one sex. 
3. If it is desired to have the adult parasites con-
tained in the extracted tumor, it is necessary to digest the 
tumor previously by mechanical methods, since the worms are 
easily broken. Nevertheless, the adult males, owing to their 
short length, may be taken by opening the tumor mechanically 
or by some other artifice. The artificial procedure for dis-
solving or digesting the tumors is: 
(a) Prepare an artificial gastric juice. 
Formula: Pepsin 
Hydrochloric acid 
Distilled water 
0.10 ctgs. 
20 cc. 
50 cc • 
(b) The artificial gastric juice is put in a wide-
mouthed flask, and the tumor is introduced into 
this solution. 
(c) Apply heat, maintaining a temperature of 39°-40°C. 
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(d) Watch constantly; and at the end of an hour, more 
or less, the tumor .. will swell, take on a gelati-
nous aspect, and become translucent. 
Observation: The flask should be constantly 
agitated to facilitate the sep-
aration of the worms. These 
worms should have an opaque as-
pect, since, if they are also 
translucent, the digestion or 
dissolving has affected them. 
(e) Once the desired digestive process is obtained, 
the material is taken out of the flask, the 
worms are washed with physiological salt solu-
tion, and their isolation completed by dissec-
tion with needles. A black background is pre-
ferred for making the dissection. 
Immunology (1) (8) 
Until today, it has not been possible to obtain spe-
cific antigens for the diagnosis of onchocercosis, since 
the subjects infected with other helminth diseases also re-
act positively, with the same antigen prepared with the on-
chocerca volvulus. At the same time, the onchocercosis pro-
duced by the onchocerca volvulus reacts with antigens pre-
pared with other helminths. 
In 1931, Fulleborn prepared an antigen obtained from 
tumors of onchocerca volv~lus, thus practising the first 
nonspecific reactions. 
Wright and Murdoch have also prepared antigens obtained 
from the Dirofilaria Imnitis, which is parasitic in the dog 
and transmitted to him by a flea. This filaria is not path-
ogenic to man, but the results were also positive with other 
helminths. 
Gutierrez, Vargas, and Hoffman, in Mexico, have made a 
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more specific antigen, but it seems that it even gives posi-
tive results in the presence of other filarias. 
Antigens prepared with onchocerca volvulus, from an on-
chocercic infection, give a high percentage of immediate posi-
tive reactions. Also they show retarded reactions, character-
ized by a marked edema similar to the inflammation of Calabar. 
In the filarias as a group, the antigen is positive. 
Prognosis (1) (8) 
The prognosis of onchocercosis is generally favorable, 
except in the case of certain very advanced lesions with 
osseous perforations of the head, and also in the majority 
of ocular lesions, the result of which is total blindness • 
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VII 
TREATMENT (1) (8) (11) 
The treatment of onchocercosis in Guatemala has passed 
through several stages, but the only thing which has given 
any practical results is the removal of the tumors, thus 
taking out the onchocercal cysts. 
In the case of lesions which belong exclusively to the 
skin, that is, coastal erysipelas, one should apply compresses 
saturated in a hot solution of magnesium sulfate of 30 per 
cent. Dr. Garcia Valle has success using calcium chloride 
orally, and adrenalin, 1/1000, by hypodermic. 
In a paper by Dr. Francisco Puys Reyes, published in 
Hiustla, Chiapas, Mexico, the bulletin "Estado Actual del 
Tratamiento de la Onchocercosis", makes mention of the dif-
ferent chemo-therapeutic essays in Onchocercosis. 
The writings on therapy of Dr .GUerrero in 1908, of 
Dr. Robles in 1915, in Guatemala, and of Burguete, Larusba, 
Bustaneste, and Ochoterena, in Chiapas, Mexico, tell of the 
application of the following drugs: quinine, neo-salvarsan, 
iodine, methylene blue, antimony, and cyanide. There were 
no effective results. Also the use of atabrine (Plasmaquina), 
the sulfas, and penicillin was not of much value. Another 
method of treatment without results has been the injection 
~nto the tumors of drugs, such as the essence of Chenopod. 
In the "Publicacion de Sanidad Publica, 11 I!.'nsayos Tera-
peuticos de la Onchocercosis, Dr. Carlos Esteves publishes 
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something about injections of the following drugs into the 
tumor: bichloride of mercury, formalined ether, stabrine, 
hexylresorcinal S.T. 37, rivanol, essential oil of chenopod, 
etc. The injections into the tumors were practised as indi-
cated in Fig.#l5. However, these tests made by Drs. Esteves, 
Giaquinto, Mira, and Diaz, did not give the desired results • 
Fig. 15 
.. T•r•• 
C!.lvl,r, 
Stt~e.ttlWt 
111"' ....... ;. 
~·•·'" 
Injection into the tumor. 
The company, Lederle Laboratories, American Cyanamid 
Company, 30 Rockefeller Plaza, New York City, sent out a 
circular letter to all the specialists in filarial diseases. 
This circular tells about the success attained in the treat-
ment of onchocercosis with the qrug, hydrochlorate of 1 -
diethyl - carbanyl 4 - methylpiperacin, which is registered 
and sold in drug stores under the name of Hetrazan. 
The action of this product "Hetrazan" on the disease 
onchocercosis can be told in a few words. According to the 
circular, the patient's improvement occurred two to four days 
after having taken the medication. Microscopical tests show 
a dindnution of the ndcrofilariae in the blood, and even their 
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disappearance. On the other hand, the relapses were not 
rrequent during the periods or time passed from three to 
eight months after the termination or the treatment. 
The instructions ror treatment with "Hetrazan" (diethyl-
carbamacin) Lederle are as follows: 
(a) Administer from 1 to 2 mg. ror each kilo 
of weight of the patient. 
(b) Repeat the dose three times a day during 
three or four weeks. 
(c) It is administered orally. 
It appears that the use of this medication has been very 
successful, since it is not very toxic. It does not contain 
antimony, nor arsenic, nor any metallic element which is tox-
ic. This has been proved in numerous tests. 
Consequently, the treatment or onchocercosis consists 
in the extirpation of the tumors and the administration of 
the new medication 11Hetrazan. 11 
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VIII 
PREVENTION (8) (17) 
(a) Epidemiology 
The disease onchocercosis is found between 335 and 
1460 meters above sea level, as may be seen in the map 
affixed to the page. 
The geographical distribution of Robles' d i ease. The 
affected zones are:. West, Central, and East. The western 
zona is on the slopes of the Atlantic Ocean, and the central 
is on the Pacific. 
As small and incomplete statistical data, I transcribe 
the chart published in the thesis of Dr. Garcia Valle. This 
chart is taken from the reports of the Public Health Commis-
sion in 1945. 
2. Zones already having the vector Simuli~ 
Dr. J. Romeo de Leon, in his entomological studies, 
divides the groups of Simulids into three zones. 
(a) Eastern Zone. Comprises the most numerous group 
and coincides with the onchocercosic area. There are species 
which bite man, and those which attack animals. The species 
which bite man are Eu. S. Moosen, S. avidum, s. exiguum, and 
the species which is most strongly suspected of transmitting 
onchocercosis, Eu. s. Ochraceum. 
The Simulids found in Hue:h:'lletenango (S. haematopatun) 
and in San Marcos have been observed along the borders of 
the River Quitzil, and the species S. avidum (metalicum) 
near the River Ixcan. Simulium haematopotun is arbitrarily 
a biter of man, but it has not been found in the onchocercic 
zones. 
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The author of theae studies, the eminent Dr. de Leon, pub-
lished, in 1944, a study of some new species of simulids in the 
western zone: S. Roblen, S. Jacheco Lunai, S. Tricorius, S. (Gi-
gantodox) vargasi, S. Diazi; and, together with Dr. G.B. Fairchild, 
the species of S. Capricornis, S. Aguamarensis, S. Carolinae,and 
S. Guatemalensis. 
Dr. de Leon, in October 1948, published a new species of 
the western zone: S. {Earlea larvispinosum). 
(b) Eastern Zone. u In the mountains of Es quipeJ.Q.s and in 
San Jose Pinula, in the place called "Los Chorros," are found 
the species S. Avidum and Eu. S. Ochraceum. Vfuen the species 
is unique in any locality, it may be strictly poophilic or an-
throphilic, this factor being optional. 
(c) Northern Zone: On the slopes of the port of Santo 
Thomas, near the River Cababon and in the village of Cababon-
cito, is found the species, S. Avidum. Around the margins of 
the rivers Chaymaic and Sebol, the species S. exiguum is found. 
In the section of Alta Verapap, and confined to the country 
property of "Actela," the species S. pse.udohaema-topotum and 
s. ochraceum are found. 
{d) Central Zone. The species S. Avidum, Eu. S. ochraceum, 
and Eu. S. mooseri are found in the high mesas of the capital 
city • 
Of all the previously mentioned species, probably the only 
ones which transmit onchocercosis Guatemalense are: S. ochraceum, 
S. meta licum and calidum, but especially S. Qchraceum. 
The winter season has an influence on the transmission of 
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onchocercosis, since the rains from April to October affect 
the development of the larvae of the vectors. 
The simulids bite their victims, thus transmitting the 
disease. This usually occurs outside of the houses; but on 
bright, hot days when people are not readily accessible, the 
flies enter the houses in order to bite. 
(b) Prophylaxis 
The prophylaxis of this disease, although difficult, is 
reduced to the two procedures of: (1) control of the disease 
in itself, and (2) control of the vectors. 
(1) Control of onchocercosis. Treatment of all infected 
individuals. Surgical removal of tumors, together with medi-
cal treatment, using Hetrazan in order to kill the circulating 
microfilariae. 
As preventive measures, the persons suspected of being in-
fected should be controlled, as well as healthy persons who 
come to onchocercic zones. The first group, who are generally 
emigrants -- be it through their working in the fields and coun-
try, harvesting, etc., or through the taking of religious trips 
should be controlled by a medical examination before entering 
the onchocercic zone. These persons, having been treated, both 
su.rgically and medically, can then be further controlled in the 
same manner as the healthy people who arrive for the first time 
in the infected zone. 
1he control measures and prophylaxis of the second class 
of persons, that is, healthy people who come to an infected 
zone, are: (a) propaganda and hygienic education, which ought 
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to occupy the first place, and (b) protective measures, such 
as screening the windows and using fly repellants to protect 
the workers and country people who may be exposed to the bites 
of the fly. 
It is logical to think that the people who are undergoing 
medical treatment with Hetrazan are protected against re-infec-
tion, since the drug not only destroys the metacyclic forms 
sucked up in the blood, but also the embryos which are deposited 
in the skin of the patient. 
2. Control of the Vectors. 1rhe destruction of the vectors 
has been very difficult to work out, up to the present time, 
since the fight against the simulids has been quite thankless. 
Nevertheless, with the study of the biology of this insect and 
its peculiar characteristics, the plan of action will be con-
siderably augmented. 
Up to today, the campaign against the insects, and especially 
the larval forms, has proved to be quite effective through the 
use of the drug DDT. Besides, it is easily applied and is mod-
erate in cost. 
The methods used to combat the vectors with the larvacide 
DDT are facilitated by the Oficina Sanitaria Panamericana • 
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(a) History (18) (1) 
I 
SIMULIUM (1) (8) (18) 
1. General 
A. J. Schonbauer, in 1795, was the first to discover 
that the eggs, larvae, and pupae of these insects from the 
valley of the Danube were found in water; Latereille, in 
1802, created the generic name "Simulium," which comes from 
the Latin word "Simulo," which means to imitate or disguise; 
Verdat, in 1821, described the metamorphosis of the species 
Simulium serieum, whose first stages were found in the sprouts 
of the plants of the Phellandrium and Sium genera. 
Brumpt, in 1904, suggested that the "Tse-Tse" flies 
could be vectors of the Onchocerca Volvulus. Georgevich, 
in 1909, described a Trypanosoma found in the stomach of a 
Hungarian simulium. Sambau, in 1910, said that the simuli-
dae could be vectors of Pellagra, and this increased the in-
terest and study of other insects. 
Jennings and Kirk, in 1913, and Jennings in 1914, re-
fute the theory of Sambau relating to the transmission of 
Pellagra by Simulidae. Laveran, in 1915, noted the obser-
vations of Lindsay, where the workers believe that local 
Leishmaniasis, or buba, is produced by the sting of moths 
or simulidae, insects that feed on rattle snake blood. 
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Laveran, in the same year, proved that in Paraguay the 
rattle snakes mentioned as reservoirs of Leishmania are 
always surrounded by a cloud of simulidae • 
In America, Robles, in 1917, was the first who sug-
gested that the simulidae were vectors of Onchocerca volvu-
lus, and indicated the species Simulium dinelli and Simulium 
samboui as responsible. 
F. w. Dray, in 1922, and Blacklock, in 1925, studied 
the simulidae; Edward, in 1939, continuing the suggestions 
of these scientists, demonstrated that Onchocerca volvulus 
was transmitted by the species Simulium damnosum. 
Blanchard and Laigret, in 1924, working in the French 
Congo, made Ornithodorus moribata bite the craw-craw patients, 
and thus obtained microfilariae more easily than by making 
biopses; also they employed simulidae and observed that that 
microfilariae remained alive for a certain time in the diges-
tive tube of these insects. 
Blacklock, in 1926, in Sierra Leone, dissected 780 ex-
amples of Simulium damnosum, finding that twenty of them 
contained microfilariae in the intestine. 
Hoffmann, in 1929, informed the Seventh Latin American 
Medical Congress that in the state of Chiapaa, the evolu-
tionary cycle of the Onchocerca volvulus was in the Eu-
Simulium; in 1930 he also demonstrated this cycle in Simulium 
avidum. 
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(b) Geographical Distribution(!) (8) (18) 
The insects or the Family Simulidae are cosmopolitan; 
they are distributed in all the continents and are given 
connnon names, according to the language of the country where 
they live. 
In India they are called Potu flies or Pipsa flies; in 
Central Africa, Jinja; in Madagascar, Moupa Fouhi; in Yugo-
slavia, Golubache Musice; in Germany, Kriebelmucken; in Den-
mark, Kvaemyggene. 
In Portuguese-speaking countries, Portugal, Brazil, etc., 
they are named Plum, Borrachudos or Promotores. In Guatemala 
and Mexico, Spanish-language countries, they are called Ala-
zanes (sorrel-colored), Rodadores (rollers), Pelones (bald 
heads), Moscos Prietos (blackish flies), and moscas del cafe 
(coffee flies); in Mexico also they are known as Jejenes. In 
the United States of North America and England they are known 
as black flies, Buffalo gnats, turkey gnats, and Kolumbatz 
flies. 
(c) Taxonomy ( 1} 
Kingdom: ANIMAL. Sub-kingdom: METAZOA. Group: ARTHRO-
PODA. Class: INSECT. Order: DIPTERA. Sub-order: ORTHOPTERA. 
Section: NEMATODA.. Familz:· SIMULIDAE. 
(d) Characters of the Simulidae . Family ( 1) 
The Simulidae Family is formed by some small, short, thick 
.flies, that are characterized by their arched antennae; the an-
tennae and the wings have no hair; the wings have no scales, 
and the venous system is reduced. 
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Four genera have been included in the Simulidae Family, 
being based on studies of the veins in the wings: 
1. Genus Simulium: In which the first vein is bare be-
tween the enclosed spaces between the cross of the humeral 
vein and the cross of the third and fourth longitudinal veins. 
2. Genus Para-Simulium: In which the first vein is 
hairy the whole of its length and united in the middle of the 
costal vein. 
3. Genus Pro-Simulium: In which the first vein is hairy 
its full length and united at the costal vein. 
4. Genua Eu-Simulium: In which the first vein is hairy 
its full length and united at the costal vein near its end, 
but the second and third veins are fused or blended. 
In other studies { 18) they do not mention Genus No. 4 of 
this classification, but they add the groups: Austro-Simulium 
and Gnephia. 
2. General Morphology { 1 ) ( 8 ) 
(a) Adults 
The majority of these insects, which are included in the 
Simulidae Family, are small-bodied, robust, coffee-colored or 
black, covered with hair of yellow gold or silver color; the 
size varies between 2 mm. and 3 mm. in length. 
Head: It is semi-circular in form with visible eyes; 
in the male the eyes are holoptical, i.e., they are closely 
joined at the middle line. It is provided with a short pro-
boscis, with thread-like pieces in the mouth; in the female, 
these oral pieces are heavy and complete; the mandibles and 
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Simulium Fly 
Fig. 16 
Adult of Simulium 
Redrawn from Dr. Belding's 
Parasitology, 1942. 
Fig. 17 
Sketch of Simulium Fly 
Redrawn from Dr. Belding's 
Parasitology, 1942. 
masticators are in the form of lancets, the hypopharynx is 
sharp, the epipharynx is provided at its extreme distal end 
with hooks to perforate the skin; the labium, which is quite 
developed, encases the other pieces; the principal palpi, long 
and flexible, are formed in four segments. The antennae are 
cylindrical and relatively short, bare, and composed of eleven 
joints. 
Thorax: It is crooked, the back is oval and convexed; 
the legs are short and undulating. The wings are wide, not 
spotted, and present a special nervous system. The costal 
veins do not extend to the end; the second and third are fre-
quently blended. The costal veins: first, second, third, and 
the base of the fourth are prominently grouped near the out-
side margin. The other veins are weakly defined. 
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Fig. 19 
Head o~ Orthorrhaphous Fly Antenna o~ Simulium 
Redrawn ~rom Dr. Belding's Parasitology, 1942. 
Abdomen: The male has a very visible hypopygium. 
c. : Costal vein 
Se : Subcostal vein 
Longitudinal veins 
Fig. 20 
Wing of Simulium. 
Redrawn ~rom Dr. Belding's Parasitology, 1942. 
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{b) !5s.! 
These in the beginning are of a yellowish color, and 
later become black, with a point at one extremity. They 
have one flattened side and with the other side they have a 
bulkiness forming a hump. Seen in profile, they have a t~i-
angular form; at the top they look oval with extreme breadth 
and roundness. Their size v~ies 
between 300 ~ and 400 ~ - approx-
Lmately 1/60 of an inch. The 
groove by which they are opened 
inv~iably is in the extreme 
thickness; . and one or two days 
before opening, ocular spots are 
recognizable. The egg crack is 
marked by a black spot. 
(c) Larvae 
Ordinarily their length does 
not exceed 15 mm. The body is 
cylindric·al, widened at both ex-
Fig. 21-'~ 
Egg of Simulium. 
Redrawn from Dr. Belding's 
Parasitology. 
tremities, and slightly attenuated in the middle part; the ex-
treme posterior is club-shaped and is heavier than the front .; 
the head has twelve segments, is rectangular, and has two lat-
eral eyes; they are provided with three united antennae; the 
mandibular parts of the mouth have two large projections of 
akin that look like fans. They have a pro-thoracic and rudi-
mentary leg, which is short and conical, ventral, armed with 
hooks. 
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The extreme posterior of the larva is wide, ending in 
three anal membranes like fingers, and it is armed with a 
sub-cylindrical suctorial organ • 
The color varies with the species and according to the 
place it inhabits. It undergoes six changes, one every four 
to seven days, until it becomes a nymph. 
It possesses two glands of silk placed laterally, ex-
tending from the head to about three-quarters of the length 
of the body; these shape themselves in the form of a V, and 
reach to the thoracic segments. The excretory tubes are two 
conductors which reach the hypopharynx. 
Before pupation, the larvae, with the silk threads of 
their salivary glands, weave a cocoon resembling a closed 
pocket. 
Larva of Simulium 
Fig. 22 , Fig. 2:3·, 
Larva, dorsal view. Larva, lateral view. 
Redrawn from Dr. Belding's Parasitology, 1942. 
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(d) Nymphs 
Nymphs are found adhering to the inside of the -cocoon 
by two posterior hooks and by tangled silk threads. They 
are shorter, thicker, and generally of a coffe color darker 
than the larvae. 
Since they are transparent, the structure of the adult 
can be recognized, but ita details are coarser and more rudi-
mentary, and its outlines are smoother. It is surrounded by 
a film, which is the wall of the body. 
Long respiratory filaments, joined to each side of the 
thorax, emerge at the top of the cocoon; the disposition of 
these filaments varies with the species. 
From the mouth a silk thread issues, with which it has 
woven the cocoon, which is found - in turn - rolled all 
around its body, except the head. The cocoon has the form 
of a half-cone; the surface that serves as support is flat; 
the other is convex. 
Cocoon and Pupa of Simulium 
Fig. 24 Fig • . 25 
Cocoon and Pupa, dorsal view. Cocoon and Pupa, lateral 
view. 
Redrawn from Dr. Belding's Parasitology, 1942. 
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3. Biological Characteristics ( 8 ) (18) 
(a) Copulation 
The manner of flying and the darker color of the males 
differentiate them from the females; this peculiarity facil-
itates the observation of the copulation of these insects, 
which is effected in open fields on bright, sunny afternoons. 
When a female passes near or enters a swarm of males, it is 
entrapped by one of them, forming thus a pair which rapidly 
searches a point of support. Peterson, in 1924, says that 
he observed the simulium equinum copulating in the ears of 
horses. 
The place where the female remains from the tLme of fer-
tilization until the oviposition, it has not been possible 
to establish. 
(b) Ovulation 
A swarm of females, if closely observed, may be seen 
ovulating or ovipositing, an act which they effect before 
sunset, or more frequently between 9 and 11 in the morning. 
The eggs are deposited in currents of water that is 
stirring and running rapidly, such as rivers, brooks, and 
little waterfalls. In the fine waves of the current, the 
females place the free end of the abdomen and the wings, 
and ovulate in compressed rows, numbering from 300 to 500 
eggs; this process takes from five to ten minutes. Britten 
observed a female of the Simulium maculatum submerged a foot 
below the surface of the water, ovulating on the vegetation, 
where masses of eggs were recovered in a gelatinous substance. 
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The period of incubation of the eggs is from four to 
five days. During the last days of June, and during all of 
July, and in water which has a temperature of from 20 to 22: 
degrees centigrade, the eggs of the Simulium vittatum have 
a period of from four to five days. Wu verified the incuba-
tion in tranquil waters, in a period of five to fifty-five days. 
Sometimes it happens that the eggs receive no water. 
Without water they will not develop. Perhaps the plant on 
which they were deposited is too high, or perhaps the waves 
do not wet them. In either case, they will not develop if 
they do not remain moist. 
Bishop, in 1914, observed that the eggs, deposited on 
different objects, when they were found near the water main-
tained their moistness; and that the larvae, when liberated, 
searched for a place where they might submerge quickly. 
(c) Larval Stage (8) (18) 
Wu, in 1931, saw that invariably the groove by which the 
eggs are opened is found in their thick end. 
When the head of the larva appears, it is observed that 
it emits a pseudopodium that fixes itself to any near object, 
in order to attain support and facilitate its issuing forth, 
and ~ediately its body appears. 
The larvae are very active from the first, and live con-
stantly below running water. 
00 
• 
• 
(a) Nymphal Stage ( 8) (18) 
The numphal stage, according to various entomologists, 
undergoes a period of a little more or less than three weeks • 
In the winter, this time is shortened to 5-7 days. However, 
this stage varies also according to the species. Some observa-
tions are as follows·.,: 
Newstead (19-7) - noted from 2 to 6 days for the pupa 
of Simulium oratum. 
Jobbins-Pomeroy (1916) - noted from 3 1/2 to 9 days for 
the pupa of Simulium venustum. 
Cameron (1922) -noted 5-7 days for Simulium simile. 
Wu (1931) - observed 91 pupas of Simulium vittatum, 
noting changes of 4-5 days. 
Before pupation, the cephalic fans of the larva are closed 
and hidden in the anterior part of the head. Then, after going 
ahead, it chooses an appropriate spot and begins to fix the 
threads in distinct positions on the surface of the support. 
The cocoon is spun, the larva adopts the form of a u, and en-
larging the mouth of the cocoon with rotating motions of its 
own body, undergoes the first skin moult. The larva then im-
mediately spreads its respiratory duct and introduces it into the 
cocoon constructed by it. It also spins respiratory basket ducts 
leaving only the anterior extremities open. 
After some lapses of the periods of observed time, the skin 
of the cocoon is ripped longitudinally at the anterior part of 
the pupal hump. The adult, already formed, puts out first the 
anterior feet and advances; then immediately draws out the sec-
ond pair of legs and part of the wings. It continues to slip 
out, frees the wings, the hind legs, and the abdomen. The old 
moult skin of the pupa remains fixed to the cocoon. 
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(e) Experiences and observations (g )(18) 
Some observations made of larvae and adults tell us some-
thing of the biology of these insects. In the zones inhabited 
by these flies, it has been observed that the water currents 
which carry fine sand, small leaves, small dry branches, etc. 
cause the loosening of the larvae. When the leaves which carry 
larvae move back, the larvae have the form of a u. Larvae of 
Simulium metallicum observed on leaves, having been taken out 
of the currents after five or ten seconds, show marked restless-
ness. The larvae are unfastened from where they are fixed; and 
by their movements of transference they protect themselves from 
sunlight and from air currents while looking for humid spots. 
If these larvae are carried again into the current, they are 
carried to long distances where they settle in a new place; but 
they do not spin any silk. 
The larvae of Simulium metallicum, exposed to the sun, live 
twenty minutes; the larvae of Simulium virgatum, thirty minutes. 
These same larvae, taken out of water, but put in the shade, live 
from thirty to thirty-five minutes. However, exposed to the con-
ditions above, they are not loosened from where they are fixed. 
The biological observations of the adults are numerous, but 
I shall refer to only a small part of them. 
When the Simulids are put in a cage, after which, light is 
passed by it, the marked positive phototropism of these insects 
is noted. This may be proved by changing the position of the 
cage, and the flies will very rapidly go over to where the light 
is coming from. 
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An interesting observation is the use of two rays of dif-
ferent lights which are made to cross in a dark room containing 
numerous Simulids. 
When an .ultraviolet light is used, the Simulids become 
greatly excited and walk in an orderly file on the wall, as if 
they were ants, going near to the source of the light. In some 
other observations, they have not been seen in these circumstances. 
Secondly, a ray of red light, such as is used in pho~ogra­
phy, is made to pass through the same dark room, and immediately 
it is seen that the Simulids remain quiet and make no movement. 
But they become excited and again walk in file if the ultra-
violet light is made to pass through again. 
Of the two adult Simulids, it is the female which bites 
man, and according to nr. Vargas (18), the female copulates be-
fore sucking blood. The females which are biting may be captured 
easily; moreover, these resist being removed from their victim 
before having eaten sufficiently. However, it is a curious phe-
nomenon that the females do not bite anew if they have been in-
terrupted in their sucking of the blood. When the flies are 
numerous, they enter to bite their victims through the apertures 
of the clothing. 
The time spent in sucking {biting) varies between two or 
three to twenty minutes, and the females feed at least twice 
during their life. The bite is painless; so it is easy to see 
how the body of the insect swells when it is sucking. Once it 
has completed its meal, the fly cannot fly, and falls heavily --
a habit which has earned it the name of "roller." 
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From calculations made by Dr· Vargas (18) (1942), approx-
imate numerical quantities are known of the amount of blood 
which a female Simulid can suck up. The calculations were made 
with the species Cnephia ochracea. Estimating that the tubular 
portion of the middle gut has a mean length of 0.62 mm. and a 
diameter of o.es mm., the volume is e.ee31 cubic millimeters. 
The dilated portion, after the sucking of the blood, is a sphere 
of o.74 mm.. diameter. From this, we obtain a volume of 0.2122 
cubic millimeters, or perhaps a total of o.2153 cubic millimeters 
for the whole middle gut. Since the diverticulum has a volume 
equal to that of the dilated portion of the middle gut or intes-
tine, it is considered that a female Simulium, being full of 
blood, can contain an approximate quantity of 0.4275 cubic mil-
limeters of blood • 
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II 
Species of Simulium Studied in Guatemala ( 8 ) 
1. Name of Species 
No. 1. Simulium Ochraceum (Walker, 1861) 
No. 2. Simulium Metallicum (Bellardi, 1859) 
-
No. 3. Simulium Callidum (Dyar and 
1927) 
Shannon, 
No. 4. Simulium Exiguum (Roubaud, 1906) 
No. 5. Simulium Haematopotum (Malloch, 1914) 
No. 6. Simulium Mexicanum (Bellard!, 1862) 
No. 7. Simulium Virgatum (Coquillet, 1902) 
No. 8. Simulium Caro~inae (de Leon, 
No. 9. Simulium Roblesi (de Leon, 
No.lO. Simulium Pacheco Lunai (de Leon, 
No.ll. Simulium Tricornis (de Leon, 
No.l2. Simulium (Gigantodax) Vargas! (de Leon, 
No.lS. Simulium Diazi (de Leon, 
No.l4. Simulium Capricornis (de Leon, 
No.l5. Simulium Aquamarensis (de Leon, 
No.l6. Simulium (Ear lea) Lavoispinosum (de Leon, 
2. The Most Important Species (12) ( 8) 
No. 1. Simulium Ochraceum (Walker, 1861) 
( a) S :ynonyms 
Odagmia Ochracea (Enderlein, 1925) 
Eusimulium Ochraceum (Dyar and Shannon, 1927) 
Simulium {Eusimulium) Ochraceum (Becquaert, 1934) 
Simulium (Odagmia) Ocbraceum (Rubzov, 1940) 
1945) 
1943) 
1943) 
1943) 
1943) 
1943) 
1945) 
1945) 
1948) 
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This species is very abundant in Guatemala. The number 
of people infected in the filarial zones is five percent at 
all times • 
(b) Morphology 
1. Adult: 
Body: Size, 2 to 2 t mm.; orange-yellow; the limbs 
and the abdomen yellow, except the last two tergites, which 
are black. The frons and the occiput are of a frosty gray 
over a black background. The antennae appear pubescent and 
the bases are a clear chestnut color. 
Thorax: The mesonotmn is orange with the marginal 
borders clear yellow. The scutellum is clear yellow with 
black bristles. The prothoracic lobe is black, with a light-
gray border. The pleura is grayish-black. 
~pendages: The front, middle, and back appendages 
are velvety black. The pubescence is th.e same color and the 
claws have a sub-basal tooth. 
Wings: The wings have the radial vein provided with 
spines along its length. The halters are yellowish-white. 
Abdomen: The first four tergites are yellow and 
the rest of the abdomen, black. 
HyPopygium: The branches have a mammilla-like 
swelling almost to their extremities. At the tip they 
broaden out into a spatulate form, and the styles are also 
swollen or enlarged at their free ends. 
2. Larva: 
The larva has a clear yellow head capsule . 
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3· Nymph: 
The nymph is characterized by its respiratory 
plume, formed by eight branches which separate themselves 
in the follo wing manner: From a common trunk a primary 
branch, which divides into two, each of these two having a 
secondary branch which divides into three; then comes a sim-
ple branch, and finally another branch which divides into two. 
The pupa has a cocoon with smooth edges, and the spinning is 
closely woven. 
No. 2. Simulium Metallicum (Bellardi, 1g59) 
(a) Synonyms 
dogs. 
Odogmia Metallica (Enderlein, 1925) 
Simulium AY~dum (Hoffmann, 1930) 
Eusimulium Avidum (Hoffmann, 1931) 
Simulium (Simulimn) Metallicum (Becquaert, 1934) 
Simulium (Odagmia) Ivletallicum {Rubzov, 1940) 
This insect bites man, cattle, horses, mules, cats, and 
(b) Morphology: 
1. Adult: 
Body: Size, approximately 2! to 3 mm. It has a 
plump appearance, is dark coffe-colored and rather dark. The 
head has black eyes, pearl-gray frons, and chestnut-colored 
antennae, clearer at the base. 
Thorax: The dorsal aspect is frosty gray on an al-
most black background and has three black spots. The middle 
one is formed by two bars, separated a little at their ex-
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tremities and their posterior ends. The conoid scutellum is 
black, and has erect bristles. The prothoracic lobe is shiny 
black. The black pleurae have a frosty gray appearance . 
Appendages: The anterior ones are black. In the 
middle ones, the first, second, and third tarsal joints are 
white, except at the apical extremities. 
The hind appendages have the coxa, femur and tibia dark 
brown; the first tarsal joint, whitish, on more than its prox-
imal half. The rest of the tarsus is black, except the prox-
imal half of the first tarsal joint and the basal portion of 
the second. The claws have a sub-basal tooth. 
Wings: The radial segment which is between the cos-
tal vein of the base of the radial region is bare like all 
those of this genus. Halters: yellowish-white color. 
Abdomen: The abdomen is a velvety-black color, pre-
senting laterally a metallic iridescent spot on the second seg-
ment. 
Hypopygium: This is characterized by its twisted 
styles, and terminates in two free extremities. 
2. Larva: 
Its length is approximate ly 5 mm. It is charac-
terized by the designs on the cephalic capsule, having a thick 
dark spot which is irregularly triangular at the base and on 
the median line. The form and branching which this species 
presents in its rectal gills are finer and more divided, this 
differentiating it from Eu-simulium Ochraceum, to which it is 
analogous. 
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Dr. Vargas (Simulidae of Mexico) says: It can be iden-
tified immediately by the presence of a row of pigmented plates 
on the last abdominal segment, formed by the folds of the chi-
tin as if they were rudimentary teeth. These are twenty in 
number, and are symmetrically situated near the spirade, having 
the medic-ventral line as an axis. 
3· Nymphs: 
These are characterized by their respiratory ap-
paratus. They are divided into six long branches which arise 
from three original trunks, each one of which is divided into 
two simple branches. The texture of the cocoon is simple and 
smooth. 
No. 3· Simulium Callidum (Dyar and Shannon, 1927) 
(a) Synonyms: 
Simulium Ochraceum (Malloch, 1914) 
Eusimulium Callidum (Dyar and Shannon, 1927) 
Eusimulium l1looseri (Dampt, 1927) 
Simulium (Eusimullum) Callidum (Bequaert, 1934) 
Simulium Callidum (Vargas, 1941) 
This insect bites man, horses, mules, and cows. 
(b) Morphology: 
1. Adult: 
Body: Size, approximately 3 mm. In general, the 
body is yellow. Head: black; eyes, chestnut color; frons and 
occiput, frosty gray on a black background. Antennae yellow-
ish, with the basal joint clearer. 
Thorax: The mesonotum has a wedge-shaped yellow 
spot whose vertex is directed backwards and is situated between 
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two chestnut-colored cuneiform spots wi t h posterior bases. Two 
narrow silvery bands come into the triangular area from the front 
to the back. The lateral borders are clear yellow. The scutel-
lum is bare and of an ochraceous yellow color. The prothoracic 
lobe has the same characteristics as the scutellum. The pleura 
is reddish-yellow. 
Appendages: The front members have the coxa, femur, 
and tibia clear yellow. The tarsus is dark-brown. Middle legs 
have the coxa, femur, and proximal half of the tibia, yellow. 
The other tibial segments are black. The hind legs have the 
coxa and femur yellow, except at the apex, which has a dark-
brown yellow and the rest is dark brown. The first tarsal joint 
is yellow in its proximal half, and the rest is dark brown; the 
base of the second joint is yellow; the other segments are dark 
brown. The claws have a sub-basal tooth. 
Wings: Like the rest of their genus , they have 
bristles along their length. Halters are of a yellow-ochre 
color. 
Abdomen: Black, except the ventral part , where it 
is yellowish-white. The first three abdominal segments are 
completely yellowish-ochre; the fourth , only half thus. The 
rest of the abdominal rings are black. 
Hypopygi~: The styles are convex toward the front 
of their basa.l parts, having a strong indentation towards their 
sub- apical end, givi ng origin to a conical swelling, the vertex 
of which i s also anterior, while the apex is drawn into a point. 
The posterior edge, like that of the opposite side , forms a 
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horse-shoe shape which opens toward the back. 
2. Larva: 
Its cephalic capsule has an obscure pigmentation, 
which is especially marked at the base in a small conoid area. 
3· ~h: 
Its respiratory apparatus consists of eight rami-
fications formed as follows: Three simple branches arising 
from a common primitive trunk which immediately sends forth 
another branch, this bifurcating quickly. Afterwards there 
arise three more simple branches of which the last thicker 
branch represents the original trunk. The numphal cocoon is 
formed of small fine spaces and its border is smooth and simple. 
The list of other species of Simulidae, and their syn-
onyms, which are found in Guatemala, is presented below, but 
special characters are not given, since they have lesser epi-
dermiological irr~ortance. 
No. 4. Simulium Exiguum (Roubaud, 1906) 
Synonyms: 
Eusimulium Exiguum (Surcouf and Gonzalez Rincones, 1911) 
Wilhelmia Exigua (Enderlein, 1921) 
Notolepria Exigua (Enderlein, 1930) 
Simulium (S) Exig~um (Becquaert, 1934) 
Simulium (Wilhelmia) Exiguum (Rubzov, 1940) 
This species bites man and horses. 
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No. 5. Simulium Haematopotum (Malloch, 1914) 
Synonyms: 
Simulium Pseudohaematopotum (Ho~~mann, 1930) 
Simulium (Neosimulium) Haematopotum (Rubzov, 1940) 
This species bites man, mules, and horses. 
No. 6. Simulium Mexicanum (Bellardi, 1862) 
Synonyms: 
Simulium Aeropunctatum (Malloch, 1914) 
Odagmia Mexicana (Enderlein, 1925) 
Odagmia Aeropunctata (Enderlein, 1925) 
Eusimulium Mexicanum (Dyar and Shannon, 1927) 
Eusimulium 1~gidum (Hoffmann, 1930) 
Simulium (Simulium) Mexicanum (Becquaert, 1934} 
Simulium (Eusimulium) Mexicanum (Rubzov, 1940) 
This species bites mules and horses. 
No. 7. Simulium Virgatum (Cogui1let, 1902) 
Synonyms: 
Simulium Cinereum (Ballardi, 1859) 
Simulium Tephrodes (Speiser, 1904) 
Simulium Hippovorum (Malloch, 1914) 
Simulium Rubicundu1um (Knab, 1914) 
Odagmia Virgata (Enderlein, 1925) 
Wihelmia Hippovora (Enderlein, 1925) 
Simulium Virgatum Chiapanense (Hoffmann, 1930) 
Simulium Virgatum Rubicundulum (Becquaert, 1934) 
Simulium (Hearlea) Hippovora (Rubzov, 1940) 
Simulium Virgatum Virgatum (Vargas, 1942) 
This species bites mules and horses. 
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Translation of an Exce~pt from a Treatise by 
Dr. J. Romeo de Leon, entitled 
A New Simulid From the We~tern Part of Guatemala 
Simulium (Earlea) Larvisp~nosum, n. sp. 
(a) Adult Female 
Head: Eyes dichoptic, antennae dark-brown, 
palpi blackish (Fig.26 ). 
Fig. 2&. 
Head of female, original microphotog-
raphy of Dr. J. Romeo de Leon (copy - Photo) 
Thorax: 
Appendages: Coloration generally black. 
Forelegs: Coxae dark chestnut color; 
femur yellow in the greater part of 
its length, with a dark-brown apical 
spot. Tibia yellow with the apex 
dark-brown, this color diminishing 
gradually towards the external border. 
The apical portion of the inner side 
has a characteristically thick spine. 
The first tarsal joint has its proxi-
mal half yellowish, the distal part 
dark-brown, and has a double row of 
spines. The second, third, fourth, 
and fifth tarsal joints are dark-brovm. 
Claws with a small t ooth at the middle 
(Figs. 'rt7 and 28,. ) 
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Fig • ';f/_>e 
Foreleg. Photo from original micro-
photograph by Dr. de Leon • 
.Fig. 2&. 
Claw of foreleg. Photo from original 
microphotograph by Dr. de Leon. 
Middle legs: Coxae dark-brovm, trochanter 
with the distal half dark-brown; femur 
yellow for most of its length, with a 
small dark-brown spot distally; tibia 
yellowish, with its apical fifth dark-
brown, and has a small spine; tarsus 
dark-brown; claws with small median tooth. 
(Figs. 29 and 30). 
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Fig. ~J . 
Middle legs. Photo from original 
microphotograph by Dr. de Leon. 
F i g. 30. 
Claw of middle leg. Photo from original 
microphotograph by Dr. de Leon. 
Hind legs: Coxae and trochanter dark 
chestnut: femur yellowish, apex dark-
brown; tibia clear chestnut at base, 
yellowish to the middle, and terminates 
in a dark-brown at its distal end. 
Tarsus: First tarsal joint yellowish, 
slightly darkening toward the apical 
half. At each side of its external 
borders there is found a row of six-
teen spines. The other four tarsal 
joints are dark-brown. Claws have a 
small median and sub-basal tooth (F-~. 31~ 
3:2 an 3 ) 
Hind legs. Photo from original 
microphotograph by Dr. de Leon. 
Aspect of the legs. Photo from orig-
inal microphotograph by Dr. de Leon. 
O G 
Fig. 33 
Claw of hind tarsus. Photo from 
original microphotograph by Dr. de Leon. 
Wings:. Costal vein with its basal fifth 
hirsute. From the basal fifth to 
the sub-apical region the costal is 
armed with a double row of short, 
strong spines which become more ro-
bust towards the apex. 
Subcostal vein pilose in most of its 
length. Ru with its basal half with-
out hair and the apical half armed 
with a row of spines. Rs pilose along 
its whole l ength, and has no spines. 
(Fig. 34. » 
Fig• 
Aspect of the wing. Photo from orig-
inal microphotograph by Dr. de Leon. 
----------------------........... 
Abdomen: Genital plate of the female well 
chitinized. The basal part of the 
crotch swollen; the ~ateral exten-
sions of the branches are P ~o 
thickly chi tinized (Fig. 3 ) • 
Genital plate. Photo from orig-
inal microphotograph of Dr. de Leon. 
(b) Adult Male 
Coloration generally dark. 
Head: Eyes holoptic . Antennae dark-brown, palpi 
blackish (Fig. a6. ) • 
. .I . . •[ 
Fig . 36.) 
Head of male, showing two different 
omatidiums, in both dorsal and ventral 
sides. 
Thorax: 
Appendages: 
Forelegs: Dark-brown, - femur with dense 
pilose covering apically 
dark-brmm:. - Tibia yellowish, 
with the apex dark-brovm. Tar-
sal joints black. Claws with 
the -internal basal portion den-
ticulate. 
Middle legs: 
J:lind legs: 
As in the female. 
General coloration -of the leg 
black, hirsute. First t~sal joint having on its external 
border a row of approximately 
17 spines. The border itself 
is rnad·e up -of a compact file 
o:f small equal spines. The 
secondt thirdi and :fourth tar-
sal jo~ntsi b ack. Claws with 
small basa tooth. 
Abdomen: -Genitaiia having basal -piece wide, 
conical, and · trUhcatea; clasper rel-
atively long, terminating in a· short 
claw (Fig. 37). Posterior part o:f the 
phallic process -- membranous bas·e, · 
appex bending out prominently f'roni base, 
:filamentous~ :f"alci:form, with its ini-
tial part armed with two spines. · The · 
apex very bent and terminating abruptly 
in three spines, of' which the proximal 
one is the longest and strongest (Fig. 38). 
The morphology t;>:f the phallic process is 
sho\q,n in (Fig. 39). 
Fig. 37. 
Basal niece and clasper. Photo from orig-
inal m2crophotograph by Dr. de Leon. 
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(c) Larva 
Fig. 38. 
Posterior part of the phallic process. 
Photo from original microphotograph 
of Dr. de Leon. 
Fig. 39 .. 
Phallic process. Photo from original 
microphotograph by Dr. de Leon. 
Well developed; reaches a length of 8-10 mm. 
Head: The morphology of the mouth parts 
presents first, the sub-mental plate 
characterized by the presence of a row 
of 17 follicles, a thick bristle in-
serted in each one. The teeth of the 
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sub-mentum number nine, the middle one 
much larger, as is shown in the micro-
photograph of Fig . 4 0 . 
Fig. 40 •. Fig. 41. 
~ub-mentum plate . Mandible. 
Photos from original microphotograph 
of Dr. de Leon. 
Mand i ble: This mouth part has a character in 
common with the group in which Simu-
lium Carolinae belongs, in that 
over the external border there is 
implanted distally a pair of teeth 
on a single base, with the distal 
tooth much larger and wider. The 
base of the distal tooth is contin-
uous with the external border, and 
almost in a straight line at a short 
distance the base of another tooth 
is located. This other tooth is 
quite curved and larger than· the an-
terior one, both of them together 
forming a horseshoe shape. Ln the 
median zone of the dental system is 
found another row of sharp teeth, be-
coming successively larger toward the 
distal extremity. This row has seven 
teeth (Fig •. 41. ) . 
Fi g . 42 .. 
Mandible. Photo from original 
microphotograph of Dr. de Leon. 
Caudal Region of Larva: It is morphologically 
analogous to Simulium Carolinae. This has 
a caudal grasping apparatus consisting of 
a strong conical, ventral extension h aving 
small erect spines and a pair of dorsal 
triangular extensions which are smaller 
and also covered with spines. The smaller 
parts are prolonged on the ventral side, 
each thinning out and joining with the 
other to form a ring, in whi ch the grasp-
ing apparatus is located (Fig ~ 42 and Fig . 43 ) • 
Fig. 43._ 
Caudal spine system of larva. Photo 
from original microphotograph of Dr. de Leon. 
Fig. 44~ 
Caudal spine system of larva. Photo from 
original microphotograph by Dr. de Leon. 
This curious chitinous apparatus, which 
is not well defined, as if it were still 
in the process of d evelopment, has several 
variations in a group of larvae of the 
same species (Fig • . 45). 
Fig . 45.-· 
Caudal spine system. Photo from orig-
inal microphotograph by Dr. de Leon. 
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(d) Nymph (Fig. 46 and 47). 
The respiratory siphon is formed by a thick trunk with 
three branches very near the base. The proximal one , cylin-
drical, strongly curved inwards and in a horizontal direction, 
almost as long as the main trunk. The proximal branch thins 
distally, terminating in a point. A middle branch is divided 
into four secondary branches which terminate in one, two, or 
three spines. A third branCh, more or less equidistant from 
the first two, terminates in a strongly chitinized point. The 
thick main trunk, at its basal portion, thins gradually toward 
its distal part. If the nymphal covering is taken off, six 
rows of spines will be found ventrally. The siphons also are 
analogous to the group of Simulium Carolinae. 
(End of quoted material) 
Fig., 46. 
!e?pir~to~f siphon.Pho~O 
from origi:n.al microphow 
tography by Dr. de Leon. 
Fig. 47. 
! beea of nimph. Photo 
front origJ.na~ micropl:IQ 
to~aphw- by lJ1! •. de !te-on 
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3. Pupae of Simulium Flies (14) 
A. Simulium Robles! 
n. sp. (Diptera Simulidae) 
This species was named in honor of the 
discoverer of Onchocerciasis in the 
New World. 
(a) Type Nymph 
Structure of the respiratory branchiae: This is formed 
by four thick, membranous trunks which are diametrically sep-
arated at the same point of origin. Each trunk is sac-like, 
and segmented by concentric wrinkles. At the distal end of 
each trunk project two thin tubes, except in the internal 
dorsal trunk, which has only one tube (Fig.48 ) . This makes 
a total of seven thin tubes inserted in four primitive trunks 
(Fi g.49 » • 
Fig. 4S., 
Pupa of simuliu.m robles!. Ehoto f rom 
original microphotography of Dr. de Leon. 
• 
Fig. 49. 
Pupa of Simulium rob1esi, Eb.Qto 1'l'OIIl 
original microphotography of Dr. de lf:a.eon. 
(b) Type Locality 
It was discovered in 1940, in the highlands called 
"Maria Tecun," between the departments of Solsla and 
Totonicapan. 
B. Simulium Pacheco Lunai 
(Simulium "B" - Sanitary Bulletin, 1943) 
This species was named in honor of Dr. Rafael 
Pacheco Luna, who gave the first descriptions 
of the ocular lesions of Onchocerciasis. 
(a) Type Nymph 
Structure of the respiratory brachiae: This is formed 
by twelve branches in the form of a circle, like a corolla 
enclosing a short appendix (Fig.-&,Q. ) . Each branch has a 
fusiform aspect, is enlarged, and has a wrinkled, membranous 
surface. 
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Fig. 00 .. 
Pupa of Simulium Pacheco Lunai . -· Photo· 
from original microphotography ~ ~. de Leon. 
(b) Type Locality 
Found in the "Maria Tecun" highlands, Solsla, and 
Totonicapan, in 1940 • . 
C. Simulium Tricornis, n.sp. 
(Simulium "C" - Sanitary Bulletin, 1943) 
(a) Type Nymph 
In this species, the tracheal tubes are represented by 
three asimetric, horn-shaped trunks having a smooth surface, 
one of the tubes being larger and having a swelling near its 
central portion (Fig. ,57). 
(b) Type Localiti 
Found in 1940, in the same location as the rest of this 
group. 
D, Simulium (Gigantodax) Vargasi, N· sp. 
(Simulium "D11 - Sanitary Eulletin, 1943) 
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Fig~ 5~. 
Pupa of Simulium Tricornis. Photo f r om 
original microphotography of D~ . de Leon. 
This species was named in honor of Dr. Luis Vargas, 
author of many works about the material in Mexico. Accord-
ing to the works of Vargas, this species was thought to ex-
ist only in the mountains of Bolivia, Peru, Chile, and Argen-
tina. The author found representatives in the desert of Las 
Leones, and there is now being redescribed another represen-
tative of the sub-genus Gigantodax in Guatemala. This was 
discovered in the highlands of "Maria ~'ecun" in 1940. 
(a) Type Nymph 
The respiratory apparatus of this other species has five 
thick, asymmetric, primary trunks. The two larger central 
trunks have an appendix near their point of origin, each of 
these appendices having a long filament at the end (F1g . 62 ) . 
The surface of the t ubes is rugose, and this can be seen in 
the drawing (Fig. 52 ) . 
94 
• 
• 
Fig. §~ 
Pupa of Simulium Vargas i. ·Photo from 
or inal micro ~f ·Dr. de Leon. 
Fig .. 53. 
Puoa. of- Simulium Va:rgas;t.not!;l from origin~l Microphotogr~~ 
phy of Dr. de Leon. 
(b) .· Type Local! t:v 
The type was found in 1940, in the highlands of "Maria 
Tecun." 
E. Simulium Diazi (Sinmlium "E") n. sp • 
This species is so called in honor of Dr. Francisco Diaz 
A., who dedicated himself to the study of Onchocerciasis in 
Gua tema.la. 
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Type N:YD:!E~ 
This numph is characterized. by the brevity of its res-
piratory apparatus, formed by three primitive trunks, which 
at a short distance from their origin bifurcate into two 
filiform branches (Fig. 54 ) . 
Fig. 54. 
Pupa of Simulium Diazi. ?noto from 
original microphotogrlphy of Dr. de Leon. 
The following study of the pupa of Simulium flies in 
Guatemala was made by Dr. G. B. Fairchild and Dr. J. Romeo 
de Leon. The expedition to the infected zones was carried 
out under the auspices of The International Committee of the 
Pan American Bureau of Sanitation, for study of the Onchocer-
cias is disease. 
F. Simulium Capricornis, n. sp • 
( a) Type Nymph 
The tracheal tubes of the nymph have their origin in a 
smaller base, terminating posteriorly in a blunt point. 
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Towards the anterior part, their two terminal branches are 
prolonged in the form of a V. The surface of these branches 
is furrowed by t ransverse wrinkles, as may be seen in the 
drawing (Fig . SSA . and 55B) • 
~i~~ ... -..;., ... .;,.,.~M•~'>.o '' •, '., ·~·· • "''·~' ·' · ''" .~:· .. : • ' ' '· ----- "'- • • '!>~'':.- ;.f. .. 
Fig. 55 A. Fig. 55 Be 
Pupa of Simulium .Capricornis. Photo 
from original microphotography of ~. 
de Leon. 
(b) Type Locality 
The insect has adapted itself in its aquatic cycle to 
rivers and brooks, chiefly in the high approaches of Totoni-
capan, and also in the River Salama, for a distance of 169 
kilometers, to a point very near the City of Totanicapan. 
G. Simulium Aguamarensis, n. sp. 
(a) Type Nymph 
The nymph of this species has a trachea formed by the 
joining of bag-like tubes, thinning gradually toward their 
free ends. So of these terminate in thin filaments and have 
a surface molded by numer ous wrinkles which give them the ap-
pearance of crepe (Fig. 56 and Fig . 57 ). 
• 
• 
Fig. &~, 
Pupa of Simulium Aquamarensis. ~ho~o 
from original of microphotography of 
Dr. de Leon. 
Fig. 57, 
Pupa of Simulium Aquarnarensis . Photo 
from original of microphotography of 
Dr. de Leon. 
The tracheal base is made up of four primitive trunks 
as follows: One anterior trunk, which bifurcates very near 
its origin to produce a secondary simple trynk in an anterior 
direction, and one trunk upwards which subdivides into three 
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secondary branches; an external median trunk divided near 
its origin into two secondary trunks, of which .one anterior 
branch is subdivided into three secondary branches and one 
simple superior trunk; a posterior trunk divided near its 
origin into two secondary trunks, one simple one directed 
inwards and the other backwards and inwards as if meeting 
the other side (Fig. 56). Twelve free tracheal extremities 
can be counted. 
(b) Type Locality 
The type was found in the great Andean basin called 
"Agua Amarga" in the middle of waters with considerable 
chemical concentration. Here the larvae are found in enor-
mous numbers, adhering to the rocks in the bed of the river. 
Also they are found on submerged leaves. But the pupas, be-
cause of their badly finished cocoons, must be gathered to-
gether in the depression of a stone to protect themselves 
against the pull of the . current. The height at this loca-
tion is 1,800 meters • 
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H. Simulium Carolinae, n. sp. 
This species is named in honor of the University of San 
Carlos in Guatemala, created by the royal cedula of Charles II 
(The Bewitched) in 1676, and which is today autonomous by the 
decree of November 11, 1944. 
(a) Type Nymph 
This nymph has the respiratory trachea made up of three 
primitive asymmetrical trunks as follows: A festoon-like an-
terior trunk, curved inward and terminating in a sharp point;· 
a middle trunk, at first directed upward, and afterwards bend-
ing itself in. At the bend there are found three conical ap-
pendices with spines, each one ending in a sharp, chitinous 
point. At a short distance from this group of spines, there 
is another appendix whose free end terminates like the previous 
ones. Then a very short trunk which is first directed inwards; 
then, bending in at right angles, is directed upwards, termi-
nating in a sharp, chitinous point (Fig.58 ) . The surface of 
the trachea is smooth and membranous (Fig.59 ) • 
Fig. 58~ 
I 
I 
\ 
Pupa of Simulium Carollnae. Photo· 
taken from original microphotography _ 
of Dr. de Leon. 
• 
• 
.Fig. 59<. 
Pupa of Simulium Carolinae. Phot·o _. __  
taken from or iginal of microp.no-cography 
of Dr . de Leon. 
(b) Type Larva 
The adaptation of thes e larvae , found in situations or 
places which are almost vertical, and subject to the flow of 
water from cataracts, has brought about a remarkable morpho-
logical character. This consists of chitinous apparatus in 
the anal region by which the larva may fix itself to the rocks 
and stumps , etc. (Fig. 60 ) • 
Fig • . 60• 
Caudal extremity of larva , of Simulium 
Carolinae . Ph~to from orig inal micro-
photography of Dr . de Leon. 
• 
• 
(c) Type Locality 
The type material of the species, pupa and larva, was 
found in the waters of 11 Salto del Zunil, 11 very near the town 
of the same name in the Department of Quetzaltenango, at 
1,900 meters above sea level. 
I. Simulium Guatemalensis, n. sp. 
(a) Type NJil1ph 
The tracheal system of this nymph is made up of a tree-
like bunch of filaments as follows: An anterior trunk divided 
into five secondary branches (Fig . 6J. c); a posterior trunk di-
vided into ten secondary branches (Fig . 6l, d); an external 
trunk (Fig.~l b) divided into six secondary branches; an in-
ternal trunk (Fig . ela) divided into six secondary branches. 
This aggregate of branches numbers twenty-seven, as seen 
in Fig. pl and Fig . 62 • 
·-·------ -- ---- --
e . 
---. . ----~ ·• J,· 
Fig. ql:·., ,. 
Photo fram Dr. Romeo de Leon :s 
original design. 
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.I . 
Fig • ·62. 
Pupa of Simulium Guatemalens is . I'h<?tG 
from original microphotography of Dr. de Leon. 
(b) Type Locality 
The type comes from a small river very near Yepocapa 
in the Department of Chimaltenango. 
J. Simulium Boydi, n. sp. 
This species is named in honor of the eminent malari-
ologist, Mark F. Boyd. 
(a) T:ype Nymph 
This s .imulium has the tracheal system formed by two 
primitive trunks: an anterior one and a posterior, as follows: 
{a) The anterior trunk divides for a third of its length 
into two long rilirorm terminal branches. 
(b) The posterior trunk divides near its origin into two 
secondary trunks -- one external, one internal -- both sub-
divided thus: 
1. The secondary external trunk has, near 
its origin, a simple collateral branch; 
and at about a third of its length it bi-
furcates into two secondary branches. 
• 
• 
2. The secondary internal trunk, at about 
a third of its length, bifurcates into 
two branches; and of these, the external 
branch is subdivided at about a third of 
its length into two equal filiform branches • 
In the aggregate, it has eight free branches 
(Fig. f)3 } • 
Fig. 63. 
Pupa of Simuliiim Boydi. Photo from orig-
inal of microphotography ~ Dr. de Leon. 
(b) Type Locality 
The type used was from the Department of Guatemala on 
the hacienda ffEl Llano" - Palin, where the adults of this 
species are found in considerable number and have marked an-
thropophilic habits. 
This species, with respect to the morphology of the 
nymph, is similar to Simulium sub-pallidum, Lutz, 1910, ac-
cording to C. Pinto (19); but, consulting the identification 
keys of this author, it is found that he describes this species 
as follows:: 
"15 Scutellum blackish 
Scutellum clear, darkish-brovvn; tamben outras 
partes do corpo mais claras (also, other parts 
of the body are lighter) • • • • • Simulium sub-pallidum"' 
• l ' 
1~ 
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Although the species which I am describing now as 
Simulium Boydi resembles that of Simulium sub-pallidum, if 
it is certain that its tracheal system is analogous to the 
latter, the adult, compared with the characteristics of the 
key of C. Pintos (19), is absolutely different by reason of 
its black scutellum. 
Conclusions 
1. _ The author names definitely in the present publica-
tion, the species of Simulium which were described in the 
Sanitary Bulletin of Guatemala (No. 51, December-January, 
1943), and also those recently discovered on an expedition 
to the eastern part of the Republic. 
2. The author is reserving the descriptions of the rest 
of the evolutionary forms -- la~vae, adults (male and female) 
for a monograph on the Simulium flies of Guatemala. 
3. Ten new species of simulids have been described for 
science; nine coming from the eastern part, and one from the 
central part of Guatemala • 
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SUMMARY 
In order to facilitate the reading of the present work, 
I have divided it into three parts: Pirst Part - The Disease, 
Second Part - The Vector, Third Part - Summary, and an appen-
dix- Bibliography of Guatemala authors, who have written about 
Onchocerciasis 
The Disease 
I. Introduction 
II. Onchocercosis Quatemalense 
1. Synonyms - Onchocercosis, purple sickness, Erysipelas 
of the coast (coastal erysipelas), American onchocercosis. 
2. Historx - Onchocercosis Americana was discovered by 
the GUatemalan, Dr. Rodolfo Robles, in 1915. After ten years 
of intensive study, he made known his discovery the fourth of 
March, 1917, at a lecture given in the building of the Scientific 
Medical Society called "Juventud Medica." This lecture was pub-
lished for the first time by Dr. Vietor M. Calderon. 
3. Geo~raphical Distribution - Onchocerca GUatemalense is 
distributed through five definite zones: first, the section of 
Huehuetenango; second, the sections of Solola-Chimaltenango-
Suehitepequoz and Esquintla; third, the sections of GUatemala 
and Esquintla; fourth, the sections of Esquintla and Santa Rosa; 
fifth, the section of Jutiapa. 
III. The Parasite Onchocerca Volvulus 
1. Generalitiea: 
(a) Animal, Metazoa, Nemathelminths, Nematode, Spi-
rurida, Spirurina, Filaroidea, Dipetalonematidae, Filaria. 
• 
• 
(b) Characters of t he super-family Filaroidea: the 
worms are called filarias - Nematodes thin- parasites, having 
lymphatic and circulatory systems, found in muscles, fibrou s 
tissues, or serous cavities of vertebrates. 
(c) Filarias parasitic in man: Wucheria bancrofti, 
w. malayi - A. perstans - M. ozzardi - loa loa - onchocerca 
volvulus. Also Microfilaria estreptocerca - Dirofilaria magal-
hasi - Dirofilar ia repens. 
(d) Synonyms of onchocerca volvulus - F.V. - M. N. -
O.C. - O.R. 
(e) History - Parasite discovered by Dr. O' Neill in 
18~5. Studied and described by Leuckart in 1893, with the name 
Onchocerca Volvulus. Prout studied two cases in 1901. Brampt, 
in 1904, found fifteen cases in Central Africa. Later it was 
studied by Fulleborn, Rodlan, Heisette, Sharp, Blacklock, and 
Strong . 
In America, Robles, in 1915, discovered the parasite, and 
in 1917 made known his description. Brampt, in 1919, considered 
it a new species and classified it with the name Onchocerca cae-
cutiens. In 1920, Calderon s t udied it and gave it the name of 
Onchocerca Roblensis. F'inally, the helminthologists established 
the f'act that it was a single species and, by the law of prior-
ity, the official name is Onchocerca Volvulus • 
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2. Macroscopic Examination 
Size 
Average 
Color 
Cuticle 
F'orm of 
anterior 
extremity 
Pairs of 
papillae 
Posterior 
extremity 
of female 
Posterior 
extremity 
of male 
Spicules 
length, 30 mm. 
width, 0.16 mm. 
yellowish-white 
transverse, striations 
annulate, swollen 
rolled-up. Head round 
(coiled) 
caudal and perianal 
number variable 
marked on ventral, 
curve lightly bulbous 
at extnemity 
unequal 
.LU~ 
(b) Adult Female 
length, 410 mm. 
width, 0.35 mm. 
yellowish-white 
II 
II 
1 - lateral 
4 - submedian 
ventral curve 
• 
3. Microscopic Examination 
(a) Eggs 
Morphology: 
Pirst •••• oval, 
when stage embryo 
become circular. 
Membrane: Transparent. 
Phase of 4 blastomere: 
they are similar to 
the eggs of 
Necator Americanus. 
4. Evolutionary Cycle 
(b) Microfilarias 
Sizes: 
(1)-285 u to 358 u in 
length, by 6u to 
7u in width. 
(2)-150 u to 284 u in 
length, by Su to 
7u in width. 
Shortly after, when 
microfilaria breaks 
the cuticle of egg, 
it remains for several 
seconds with heavy 
movements; but immediately 
these movements become 
extremely rapid. 
(a) Intermediate host- When the female insect bites 
man, it introduces the proboscis, sucking up a great deal of 
blood. The embryos are taken up and transported rapidly to the 
posterior intestine. Some are partly digested and excreted. 
Many others separate themselves from the blood and adhere to 
the esophagus or to the diver-ticulum. They look for the tho-
racic muscles and there undergo a transformation. 
After this first phase, and during the next twenty-four 
hours, the microfilariae eat into the invaded muscles freely 
and in all directions; but after this period, their movements 
become slower and finally they remain immobile. After forty-
eight hours, the microfilarias are still and start to thicken. 
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After sixty hours, the microfilarias take on the "sausage form," 
become sluggish in movement, and locate themselves in the large 
dorso-ventral muscular bundles in an empty cavity in the form 
of an elongated spindle. They stay there for some eight to 
nine days. Tearing the thin muscular layer, the simulid is 
free, and now begins to take on activity, entering into the 
metacyclic form. 
(b) Definite Host - Although the manner of penetra-
tion of the microfilarias into the human body has not been def-
initely established, the description of Dr. Belding clarifies 
the explanation of the mechanism by which the embryos, leaving 
through the proboscis of the insect, and being quickly ejected 
by muscular contractions, are deposited in the chorion. 
Once the microfilarias are introduced, they are transferred 
to the spot where they form the nodule. This transference is 
brought about by the lymphatic and blood currents, or by creep-
ing from space to space through the tissues .• 
Both sexes rapidly form cysts or tumors, and remain in a 
ball-like form between the conjunctivaltissue-fiber$. The union 
of the sexes gives origin to the eggs, the evolution of which, 
as in all eggs, terminates in alecithal holoblasts. At the ter-
mination of the evolutionary process, the embryos break the skin 
of the egg and are free-moving in the womb. The active move-
ments of the embryos favor their being ejected through the va-
gina, and thus they become completely free. Due to the fact 
that they are positively phototropistic, they spread to the 
subcutaneous cellular tissue, remaining there, ready to be sucked 
up by a simulid fly. 
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IV. Pathology: 
1. Generalities 
(a) Introduction: Onchocercosis is produced by 
the nematode, the species Onchocerca volvulus, being also a 
causal agent of Onchocercosis Africana and Onchocercosis 
Americana. It is a chronic disease of the skin and the sub-
cutaneous tissues. It is characterized by the formation of 
nodules (onchocercomas). These tumors appear on all parts 
of the body, but in Africa they are found especially on the 
trunk. The onchocercal tumors of Mexico and Guatemala seem 
to be located more around the head and pericranium. 
(b) Period of attack or invasion:: According to 
some authors, and especially Dr. Esteves ( 6), the exact 
mechanism of the evolution of the embryos of Onchocerca vol-
vulus to the point where they form the nodules in selected 
spots, is not exactly known. Nevertheless, the explanation 
of Dr. Belding ( 1 ) shows that these metacyclic embryos are 
able, through muscular contraction, coupled with the expul-
sive mechanism in the proboscis of the fly, by special senses 
of touch or feeling, to penetra te. 
(c) Period of incubation: The period of incubation 
has been calculated at between six months and a year: that is, 
from the moment of infection caused by the inoculation of met-
acyclic microfilarias by the fly, until the first symptoms 
appear. However, Dr. J. A. Bernard encountered a boy three 
months old who. had a nodule of Onchocercosis. 
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2. The Lesions 
(a) Classification: nodular, cutaneous, ocular, 
osseous, other lesions -- anodular forms, and asymptomatic 
forms. 
(b) Nodular lesions: The tumors of Onchocercosis 
are found under the skin, generally adhering to the tissues 
of the conjunctival series. These tumors are frequently found 
in the following regions: in hairy skin, the iliac crest, the 
inferior part of the posterior cervical ligament, the dorsal 
of the spine, scapular region, dorsal and lumbar, the acromial 
region, the frontal region, the large trochanter, the crural 
arches and members. They have not been found in the viscera. 
(c) Cutaneous lesions: These are seen as very 
visible lesions, and because of their characteristics they 
have been known as "Erysipelas of the Coast" in Guatemala, 
and "Purple Siclmess 11 in Mexico. There is another cutaneous 
form similar to the Sarna, but it differs from this, in that 
no arthropod exists, nor does it respond to antisarcystic 
treatment. There do exist forms of Onchocercosis which are 
chronic and advanced, in which the skin of the patient ex-
hibits the leonine characteristics of leprosy. 
{d) Ocular lesions: These lesions appear tardily 
and generally depend on the spot \Vhere the tumors are local-
ized. Dr. 'li.0levedo ( 7) classifies them by three types: <}) 
lesions in the anterior region of the eye, QD lesions in 
the posterior region of the eye, and ~ lesions combining 
the two previous forms. 
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(e) Osseous lesions: These are found when the 
tumor is in contact with a bone, and separated from it sim-
ply by a thin layer of tissue. 
(f) Other lesions: As a result of osseous perfo-
rations, there have been cases of cerebral lesions. Dr. Ro-
bles ( 2) has found a case of epilepsy. Dr. Garcia Valle 
( 8) tells of cases of sciatic neuralgia, and Dr. Mora ( 16) 
reported a case of mental disturbances, without the exist-
ence of perforating tumors of the cranium. 
{g) Anodular forms: These forms, in the opinion 
of the authors, exist in appearance, since many times after 
prolonged examination, the responsible tumors have been found, 
in spite of the fact that in many cases the results are neg-
ative after having kept on with a minute exploration. 
(h) Asymptomatic for~: These forms are those in 
which the patients present only as characteristics of the 
disease, the presence of microfilariae in the blood: that is, 
they are "carriers." 
v. Symptomatologz 
The symptoms of Onchocercosis are seen in the acute and 
chronic states. In the acute period, "Erysipelas of the 
Coast, rr there are frequently found rising temperatures, vio-
lent headaches, and urticaria; a blood examination shows a 
more-or-less augmented lukocytosis, with increased eosino-
philia; the majority of biopsies are positive in mocrofilariae. 
The symptoms manifested by the tumors are, up to a certain 
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point, not important, since there are cases in which the 
patient tolerates this state for many years without any 
disturbance other than its presence. However, when the 
tumors are large, or when one of the tumors has perforated 
a bone of the head, quite a different symptomatic picture 
may be presented, which is more or less serious. 
The ocular symptoms .~are: characterized by a reddening 
of the conjunctiva, iritis, photophobia, etc., depending on 
whether the pathological state is initial or advanced. 
Dr. Carlos F. Mora (16), in the review "Juventud Medica,~' 
in 1922 published remarks about a case of Onchocercosis treated 
by him, in which there were manifested mental disturbances, and 
auditory and visual hallucinations, etc. 
VI. Diagnosis 
The diagnosis of Onchocercosis is made by clinical 
examination and corroborated by the laboratory. The proce-
dure currently used in the laboratory is the technique of 
biopsy. 
Immunology 
Up to the present time, the tests of precipitation in 
the sera give very meager positive reactions; consequently, 
it is not customary in diagnosis • 
Prognosis 
It is favorable, except when there are perforations 
of the cranium or ocular lesions. 
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VII. Treatment 
The extirpation of the onchocercomas (surgical tech-
niques); associated with the treatment, the use of the drug 
Hetrazan. 
VIII. Prevention 
Extirpation of all the tumors in affected individuals, 
subjecting them to a medical treatment with Hetrazan at the 
same time. 
In order to g et rid of the adult flies, the use of re-
pellants, fumigants, and D.D.T. powders, offers some help, 
but the fight against these insects is very laborious. Up 
to now, not much interest has been shown in waging a fight 
against the larvae. The control must be directed against 
the treated individuals, trying to avoid reinfection, and 
trying to maintain the sound people healthy through the dif-
ferent means of defense. Also, the people having Onchocer-
cosis, not already treated, should be controlled in going 
from one place to another • 
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THE VECTOR 
I. Simulium 
1. · Generalities 
(a) History: 
eggs, larvae, and pupae. 
A.J. Shonbauer (1795) described the 
Latrielle (1802) instituted the 
generic name of Simulium sericum. 
In America, Robles ( ) (1917) suggested that the Simu-
lids were the vectors of Onchocerca volvulus, and named as 
species responsible those of Simulium divelli and Simulium 
sanborn!. 
F. W. Dray (1922) and Blacklock (1926) studied the Sim-
ulids and Edward (1939), following the previous suggestions, 
demonstrated that Simulium damnosum transmitted Onchocercosis. 
(b) Geogra:ghical distribution: The Simulids are cos-
mopolitan and adopt different names according to the spot 
which they inhabit. In GUatemala they are called "sorrels," 
"rollers," "baldies," and "coffee flies." 
(c) Taxonomy: Animal -Metazoa- Arthropoda-
Diptera - Ortorrapha - Nematocera - Simulidae. 
(d) Ch8ragtera ot the Family Simulidae: small flies, 
short, swollen, antennae strong, antennae and wings hairless. 
Wings without scales and venous system reduced. There are 
tour genera: Simuli~, Parasimultum, Eusimulium, and Prosim-
ulium. Some authors abolish the group Eusimultum and add 
the groups Austro-simulium and Gnephia. 
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2. General Morphology 
{a) Adult, characters ~ the same as the family • 
Color - black or coffee-colored. Covered with yellow or 
silvery hair. Size - 2 to 3 mm. in length. Head - semi-
circular, holoptic eyes. Thorax bent, misty appearance. 
Broad wings with special nervation. The male has a scarcely 
visible hypopygium. 
(b) ~: yellow in color; later they turn black; 
pointed, thinned on one end and thickened at the other. 
Size - 300 to 400 
(c) Larvae: Size - l ength, 15 mm. Cylindrical. 
Swollen at the extremity. Color varies with the spots which 
it inhabits. Undergoes six moults, one every four to seven 
days, until they become nymphs. 
(d) Nymphs: The l arva manufactures the cocoon, 
goes into it, and passes the numphal stage. The numphs are 
short and thicker than the l arvae; they have long respiratory 
filaments which come out at the top of the cocoon. The place-
ment of these filaments varies with the species. 
3. Biological Characteristics 
(a) Adult copulation: The adults copulate on bright 
days, especially in the afternoon. On the flights, the female 
is seized by the male, forming an embrace. Where the female 
remains from the time she is fertilized until oviposition, is 
no t known. 
{b) Ovation: The females deposit the eggs in the 
agitated currents of water in small streams and on gentle 
ll7 
• 
• 
slopes. They are laid in close rows of 300 to 500, a 
process which lasts from 5 to 10 minutes. Four to five 
days are required for the incubation; but Wu found that 
in still waters the period is from 5 to 55 days. 
(c) Larva: Upon breaking out of the egg, the 
larva sticks out its head and puts a pseudopod which it 
fixes on any nearby spot. Helped by this prop, the head 
immediately appears. It is very active from the beginning, 
and lives in running water. 
(d) Nymph:. The ny.mph 1s period of incubation is 
about three weeks; in the summer, from five to seven days. 
However, this time varies with the species. 
(e) Observations: The larvae which are taken out 
of the water and exposed to the sun, loosen themselves ~d 
look for moisture. Those which are not exposed to sunlight 
do not unfasten themselves. In both cases, if they are put 
into the current again, they do not spin. The adults have 
a marked positive phototropism. 
If, in a dark r oom in which there are present many Sim-
ulids, a ray of ultraviolet light is made to pass; they will 
walk in an orderly file toward the light source; but if the 
light is red, they remain immobile, again r eturning to their 
files if the ultraviolet light is again applied. 
The female is the only one which bites and stays 2 or 3 
to 20 minutes in biting. These (the females) feed at least 
t wo or three times during their life. The females copulate 
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before biting. They are easily captured when biting, be-
cause they resist being moved until satisfied with food • 
The quantity of blood which a female may ingest at one time 
is calculated at 0.475 cubic millimeter. 
II. Species Studied in Guatemala 
1. Names: See page 
2. Morphology of the most important species 
The majority of these species have similar 
characteristics to those of the Simulidae family, only dif-
fering through minutely studied differences. For complete 
information, see pages 
3. Pupae of SinRtlids in Guatemala Studied 
by Dr. J. Romeo de Leon {14) 
Since this is a very extensive study, inform-
ation may be obtained ori each one of the morphological forms: 
in the Second Part, Section II, No. 3 • 
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